
AIS 646 AIR FORCE INST OF TECH WRIGHT-PATTERSON AFB OH SCHOO-CTC F/G 9/2
AIRCREW INFLIGHT PHYSIOLOGICAL DATA ACQUISITION SYSTEM. CU)
.1*4 80 K L MOORE

UKMLASSIFIED AFITIGE/EE/8O-6 N

iiiiinoomminm 1
ImE.m E....I-EE~hiEEEEEE
I-EEElillliI



AFIT/GE/EE/80-6

II

It

AIRCREW INFLIGHT PHYSIOLOGICAL
DATA ACQUISITION SYSTEM

THESIS

AFIT/GE/EE/80-6 Kenneth L. Moore
Capt USAF

Approved for public release; distribution unlimited

JUL 1

1981



-AFIT/GE/EE/80-6

AIRCREW INFLIGHT PHYSIOLOGICAL
-I*:

DATA ACQUISITION SYSTEMS

. .. .. :.THESIS

Presented to the Faculty of the School of Engineering

of the Air Force Institute of Technology

Air University

in Partial Fulfillment of the

Requirements for the Degree of

Master of Science

Kenehby

Kenneth L.Moore
Capt USAF

Graduate Electrical Engineering

June- 1980

Approved for public release; distribution unlimited



Preface

This project describes the design and simulation of a

totally solid-state, self-contained data acquisition system.

The system is designed to collect and store physiological

and environmental data of aircrew members performing actual

missions. The Rockwell System-65 minicomputer, augmented

with two megabits of magnetic bubble memory, was used for

operational software development and system simulation.

Many thanks go to the School of Aerospace Medicine at

Brooks AFB for their invaluable assistance in obtaining

hardware and for sponsoring the project. My thanks also go

to Mr. Bob Durham, Mr. Dan Zamba, and Mr. Orville Wright of

AFIT for their aid with laboratory simulation. For the

guidance and assistance from my advisors, Dr. Ross,

Dr. Kabrisky, and Dr. Lamont, I am sincerely thankful.

Finally, for hours of editing and typing, and for her con-

stant encouragement and understanding, I am deeply grateful

to my wife, Becky.
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Abstract

A design is presented for a self-contained, man-mounted

data acquisition system to sample and store 12 environmental

and physiological parameters. The design consists of one-

megabyte of nonvolatile magnetic bubble memory storage,

16 analog input channels, avid four digital input channels,

and is controlled by a 6502 microcomputer. Operational soft-

ware was designed and simulation conducted on a Rockwell

System-65 minicomputer augmented with two-megabits of mag-

retic bubble memory. Two types of data storage methods are

examined--continuous (or pulse code modulation), and three

variations of delta pulse code modulation for reduction of

data storage.

Nonuniform sampling rates (or sampling jitter) caused

by simultaneous sampling requests were investigated, and

ways to reduce or eliminate the occurrence of jitter are

also presented.



AIRCREW INFLIGHT PHYSIOLOGICAL

DATA ACQUISITI-ON SYSTEM

I Introduction

As aircraft capabilities increase, so do the physiologi-

cal stresses placed on the crew. ''hese stresses, such as

low temperature, reduced oxygen and pressure, and artificial

gravity, evoke certain unwanted, possibly hazardous, physio-

logical responses. The United States Air Force School of

Aerospace Medicine (SA'4) has a program underway to collect

and analyze data on these phy.siological responses during

actual flight. The objectives of this program have been to

evaluate the effectiveness of life support equipment and

systems, determine the oxygen generation and storage require-

ments Ior various types of missions, accumulate a data base

!r(m which design criteria for new breathing systems and

,.nvironmental control systems can be developed, and assess

!e, phiysiological cost of flying operations (Ref 1).

As Lndicated by the title, this investigation

addresses the data collection and storage portion of the

jys i1 hl()gicj1 response analysis problem. The device which

c() I cs tihe data is called tile Inflight Physiological Data

Ac !ui.siti()n System, or FIDA,. Tie current i FPDAS operated

hy SA! has undergone several imp cvements, but still uses



a cassette tape recorder as the mass storage device. As

with all mechanical devices, its performance is degraded

during high-C maneuvering. The existing system also

requires that analog signals be converted several times

before getting to the final digital state for analysis.

'h original analog signals are recorded on cassette tape

in a pulse duration modulation format. It is changed back

to analog when read from the cassette tape, and finally

converted to an eight-bit digital representation. The cur-

rent system is controlled by discrete logic, with each

channel being sampled 32 times per second. There is no

capability to change this basic sampling rate for slowly-

varying signals. Faster sampling rates are obtained in

increments of 32 by applying the input signal to multiple

channeis. Also, duc to discrete logic control, the current

IFPDAS has no capabilLty for data reduction or preprocess-

ing. Due to these inherent limitations in the existing sys-

term, there is keen interest in developing a highly flexible

Tnicroprocessor-controLled IFPDAS utilizing no mechanical

devices.

Biackground

System Requirements. SAM personnel identified several

initial requirements. First, the following 12 parameters

must be collected:

a. triaxial acceleration (Gx, Gy, Cz)

b. cabin pressure
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C. anti-G suit pressure

d. mask pressure

e inspired flow rate

f. inspired oxygen concentration

g. expired flow rate

h. expired oxygen concentration

i. body temperature

j. heart rate

Eleven of the above parameters are provided by sensors

which generate analog signals in the range of zero to five

volts. The remaining parameter, heart rate, is provided

both as an analog signal and as an eight-bit digital word.

The sensors used to monitor physiological parameters are

noninvasive (not surgically implanted) and have an accuracy

no better than 1% of full range. Therefore, 1% was set as

a guideline for IFPDAS accuracy. It is further required

that all parameters be time tagged so that a physiological

response parameter, such as increased heart rate, can be

correlated to an input parameter change, such as increased

-'z acceLeration.

The system must be self-contained and fit into a sur-

vival vest. These requirements imply that the system be

hattery powered and not larger than 2x5x9 inches. Lastly,

the system must be capable of operating for at least four

Previous Work. Two previous AFI' theses investiga-

tions in this area have been done. The first, by Jolda and



Wanzek (Ref 2), proposed a microprocossor-controlled system

with a magnetic bubble memory (MBM) a. the mass storage

device. Several sensors were interfaced to an Intel 8080

microprocessor test system to demonstrate the feasibility

of implementing a completely solid-state IFPDAS. The data

storage algorithm used to reduce the amount of data stored

averaged each signal over a 10-second period.

The second thesis investigation, by Hill (Ref 3)

looked at the 12 input parameters. Their rates of change

were examined and sampling rates necessary to accuiately

reproduce the parameters' signals were proposed. Several

data storage formats were suggested and implemented on the

Intel 8080 test system. To varying degrees, these storage

formats traded parameter accuracy for reduced storage. A

general design of the 1FPDAS was proposed, and the power

Lind space requirements for that system were specified. For

tLhe g!nueral design proposed, an implicit assumption was made

theat thu list of 12 parameters was complete. The overall

effect of this assumption was that the system was designed

t.c) the 12 parameters with no capability for expansion.

Discussions with SAM personnel indicate that, as the

analysis continues, additional parameters will be identified.

This fact is evident from discussions concerning their

interest in various real-time preprocessing techniques of

such signals as electrocardiograms. They also imply that

some parameters currently recorded might be omitted in

future tests, while other parameters, such as body

/4



temperature, might be collected for several locations of

interest. In short, SAM cannot, at this time, specify a

complete list of parameters or the parameter mix that will

be used. It is therefore impossible to design a digital

[12 ['DAS t5o ia set of input parameters whose number, type

(analog or digital), and storage rate are not, as yet,

known. Because of tuC limitation on space, the requirement

for battery power, and the existing level of MBM technology,

it is also not feasible to "over design" the system in

anticipation of future needs!

['roblem Statement

The purpose of this effort was to design and simulate

a sol. id-sLate, self-contained, microprocessor-controlled

IFPDAS. As MBM technology advances, the IFPDAS should be

able to increase its capability with only minor hardware

clanges and little or no software changes. The objectives

ot' the sIrIlation were to demonstrate relationships between

the parameter characteristics (number, type, and sampling

rate) and each of the following:

a. Iamount of hardware

b. size of mass storage

c. powe r

d. package volume

Fl)r a given level of technology, these relationships allow

the realistic detcrmi.nation of conditions under which a

:-;olid-state IFPDAS could function successfully.

5I



Scope and Assumptions

Because of time constraints, this effort was limited

to the collection and storage aspects for the problem of

physiological response analysis. Within this guideline,

the following assumptions were made to further define the

scope of the investigation:

a. sensor outputs correctly represent the quantities

measured

b. analog signals are in the range of zero to five

volts

c. digital parameter data are represented by an

eight-bit byte

Ap) roach

For analysis the system was divided into two parts,

the controller hardware and the storage hardware. The con-

troller hardware was defined as that hardware required to

collect, manipulate, and store data at the correct sampling

rates. The storage hardware was defined as that hardware

used solely for mass storage or the control of mass storage.

Note that by this definition the random access memory (RAM),

used to buffer data to the MBM, was considered as part of

the storage hardware.

The first step was to define a controller hardware

configuration. The basic design constraints were to pro-

vide a path for the flow of data from the inputs to the

storage device at a sufficient rate--a "sufficient rate"

6



being defined as that required to process and store at

least the original 12 parameters. The next step was to

simulate the IFPDAS controller software for the controller

hardware structure. The Rockwell System-65 minicomputer

was the host machine for this study. A survey of available

MBM was made, and the interface structure of the most

promising was added to the simulation program. The storage

size of the MBM, as well as that of the RAM buffer, were

provided as variable inputs to be set upon program initiali-

zation. Different data storage techniques which indicated

a good potential for storage reduction were exa mined.

These were also added to the simulation program. Finally,

se\'eral simulations were conducted. In each simulation one

o the following was varied:

a. number of input parameters

b. sampling rates

c. data storage methods

d. size of RAM buffer

e. size of bubble storage

Sequence of Presentation

Chapter IL is concerned with system hardware. First,

the configurat ion for the controller hardware is examined.

Next, the storage hardware is analyzed in light of what is

currently available and what should be available in the

riear future. Lastly, the simulation hardware is examined

and compared with the control Ier and st orage hardware.

" - .. . .. .... .- . .. . .. , - -- " -III .l1



Chapter III deals with the simulation software and

its operation. Storage methods to reduce the amount of

data stored are discussed, along with accuracy and errors

associated with each. This chapter also examines other

nonhardware related issues. These include a discussion

of sampling rates to insure signal reproducibility, methods

of handling storage error, and the effect of sampling

dotays due to multiple simultaneous sampling requests.

Results and recommendations are presented in Chapter IV.

8
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II Hardware

For discussion purposes, this chapter is divided into

three parts: the controller hardware, the storage hardware,

and the simulation hardware. The first section describes

how and why the controller hardware structure was minimized.

A prototype design is presented using current state-of-the-

art devices. The subsequent section discusses the storage

hardware, centering on the selection of an appropriate MBM.

The simulation hardware is discussed in the final section.

Controller Hardware

The controller hardware was defined as that hardware

required to collect, manipulate, and store the incoming

data. One characteristic of the controller hardware was

that (he amount of hardware required was not a direct func-

tion of the number of input parameters and mission length,

as was the case with the storage hardware, but was depen-

dent on the functions that it performed. In keeping with

the power and space limitations discussed earlier, a defini-

tion of a minimum controller hardware configuration was

needed. Defining the minimum controller hardware had the

added benefit of maximizing the physical space allotted for

the MBM storage hardware. In order to minimize the con-

troller hardware, the functions of the controller hardware

were considered.

9



As shown in Figure 1, three functions associated with

the controller hardware were identified. Interfacing the

system to both analog and digital input signals was one

function, labeled as the Channel Interface. Control of the

interface hardware, manipulation of data for preprocessing

or storage reduction, and control of data flow to mass

storage were grouped as the second function, called System

Control. The Mission Run Clock function was identified to

provide a continuous time readout in relation to the start

of the test to allow the incoming signals to be correlated

in time. Having identified the functions performed by the

control hardware, it was necessary to identify the hardware

to perform those functions. Specific device recommenda-

tions, given in Table 1, were predicated on meeting the

functional r-equirements of the minimum controller with cur-

rntliy available hardware at minimum power. Because of its

e:treme ly low power consumption and moderately fast opera-

tion, complementary metal oxide semiconductor (CMOS)

dvices were rtecommended when avail]abl- e.

The system requirements that came to bear on the

selection of the Analog Channel Interface were to service

at least the 12 original analog signals, remain near the

LX, error guideline, and have low power consumption. The

16-channel ADC0817 analog data acquisition chip was

selected for this function (Ref 4). The chip contains a

16-to-I analog multiplexer, a successive approximation

analog-to-digital (A/D) converter, and a tri-state output

10
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latch. Multiplexing the analog inputs to a single A/D

converter, rather than requring an A/D converter for each

signal, reduces cost, power, and space. Under microcom-

puter control, the analog multiplexer can access any one of

Lhe 16 single-ended analog channels. The selected channel's

signal is fed through the A/D converter to produce an eight-

bit byte. [he total conversion Lime (trom start-conversion

to cnd-oft-conversion f lags) is 100 microseconds, resulting

in a maximum rate of 10,000 ctonversions per second. This

is welt beyond the 144 samples per second required by the

currently idenptified parameters (see 'Fable 11).

The ADC0817 performs a linear, ratiometric conversion

wi th a total e rror of less than ±2 of the least signi ficant

bit. ''his trainslates into i maximiun conversion error of

less than 0.2% for an eight-bit byte, which compares quite

Iavorably with the I% error guidel ine. In line with the

low power consumption requirement, the ADC0817 is a CMOS

device and consuned 15 mi liwatt s of power Crom a single

tive voLt supply.

The ADC0817 does not contain a sample-and-hold (SAH)

hut one can be added external ly. In deciding whether or

not to use a SAIl, it was necessary to examine the sampling

error without the SAH.

In Figure 2 the aperture time, t, refers to the time

uncertain ty (or time window) in making a measurement. If

the signal being measured changes d,,ring that time, an

amplitude uncertainty, or error, results,. It should be

14



TABLE 11

PARAMETER SAMPLING RATE

Sampling Rate
1 i rae Ler(samples per second)

Itispi t c-d Flow Rate................20

idFlow RL........................0

Uc;pl-~ J xyg .......................... 0

t -I i Ii I- C'SI;IIss Ur

* P* I 1 A ' t 8 u

Hk 1, 1 ssI trc...................20

(;l nPr-essure...................

Ver ia!Acceleratio ................ 8

foi~i~ t tid i na I Accelerat ion............................

144 Total



ta = aperture time

AV = amplitude uncertainty

AV = t da x dt

AAV

Y- -.--- I

tJ i a

Signal, V(t)

Fig. 2. Amplitude Uncertaiinty and Aperture Time

noted that at some point within the aperture time the sig-

nal amplitude corresponds exactly to the code word produced

by the A/D converter. Therefore, the amplitude uncertainty,

.'V, represents the maximum error due to signal change. For

the maximum rate of change identified in the current list

of parameters (Ref 3: 10) , the maximum amplitude uncertainty

corresponds to an error of less than 8% of the least signifi-

cant bit. Therefore, the possible accuracy improvement is

insignificant and the SAI is not required.

The Digital Channel Interface requires an eight-bit

port for each digital. input, capable of handshaking with

1 6



both the system controller and the data source. After each

data collection mission, these ports could be programmed

to dump the contents of MBM to a mass storage device such

as digital tape, or, via a modem, transmit the data to the

main computer for immediate analysis. Device selection was

based mainly on power consumption. The CDPI851 contains

two programmable digital ports, with handshaking control

lines for each. Tht device requires a singlu five-volt

supply and consumes approximately 7.5 mill.iwatts of power

(Ruf 5:97-1.11).

The System Control tasks were grouped for a microcom-

puter realization. The microcomputer selected was the

Rockwetl R6502. The selection was based upon four system

dvelopment needs. The first was to have a microcomputer

which was fast enough for current and near-term system

LCalizations but could, with little or no design changes,

met, future needs. Experimentally, the maximum sampling

rate was 2380 samples per second for a single analog chan-

n e and 129 samples per second for each of 16 analog chan-

pol nels (total samples per second of 2064). The R6502 speci-

fied in Table I is a one-megahertz microcomputer capable

of meeting foreseeable mission requirements. However, with

little or no redesign, the two-megahertz version could be

used to increase system response. Next, the microcomputer

must have file-oriented instructions. While the R6502

microcomputer is not specificalLy file-oriented, it does

have a sLraightforward instruction set with several

17



addressing modes, which make data file manipulations rela-

tively easy. Most important, the R6502 has a microcomputer

development system geared toward development of MBM systems.

This development system (called the Rockwell System-65)

was used for software simulation and is discussed later in

this chapter. Although CMOS microcomputers such as the

CPDI851 were available, none had tile system development sup-

port hardware and software required for IFPDAS development.

The R6502 consumes 250 milliwatts versus 7.5 milliwatts for

the CPDl851.

The 8Kx8 erasable, programmable, read-only-memory

(EPROM) (Ref 6) specified in Table I allows for the exist-

ing simulation program (approxinately 4.5K), plus room for

future preprocessing subroutines, without need for redesign.

Because it is erasable and field programmable, initial

development costs, as well as future software modification

costs, will be minimized.

The Mission Run Clock function requires a programmable

16-bit counter to divide the one-megahertz system clock

down to the basic sampling interval rate. The Mission Run

(:lock then counts the number of basic sampling intervals

* during the four-hour mission. Twenty-four bits are

required for a one-millisecond sampling interval. The Mis-

sion Run Clock can be realized in software or (if available)

in hardware. Low power consumption was the primary selec-

tion criterion for the programmable counters. However, at

he time of this writing, no appropriate CMOS devices are

18I I,



available. The M6840 NMOS device with three programmable

counters was selected (Ref 7).

Storage Hardware

The actual size of bubble storage required depended

on several variables:

a. number of input parameters

b. sampling rates

c. storage reduction methods used

d. amount of storage overhead required

U. mission length

As discussed in Chapter I, the number, rate, and type of

input paramuters have not been determined. Therefore, one

simulation objective was to realistically determine the

amount of hardware required for a given set of the above

variables. The first step toward simulating the storage

hardware was to determine its structure by examining the

lunctions it performed.

The storage hardware realized three functions (see

Figure 1); the RAM buffer memory, the bubble controller,

and the MBM with its associated drive circuitry. The RAM

buffer memory was required for two reasons. It allowed

data from a particular channel (analog or digital) to be

groupud in a predefined block size. Each block was then

labeled with, among other information, the channel number.

'This reduced the amount of MBM storage overhead by elimin-

at ing the need to channel tag each piece of data. The RAM

19



buffer memory also allowed the bubble memory to be com-

pletely powered down when not used, thereby reducing the

total power required by the storage hardware.

RAM Buffer Sizing. In selecting the RAM buffer

required, se-'eral conflicting criteria were considered:

a. minimization of total power for RAM buffer and

MBM

b. IFPDAS software data structure requirements

c. reduction of percentage of block header overhead

d. reduction of block manipulations due to sampling

errors

U. packaging requirements

To address the first criterion, a test was conducted which

simulated the effect of powering the HBM down when not in

use. The objective was to determine the relationship

between the amount of RAM buffer and the total power

required by the storage hardware (RAM buffer and MBM). A

single channel was sampled at 156 samples per second,

which was slightly above the total rate specified for the

original 12 paramneters. The program halted after a pre-

de-fined number of chi-nnel blocks were written to the Rock-

wIlI MBM. The percent of time the MBM was powered up was

recorded For RAM buffer sizes from 1K to 5K in increments

,)F 1K. A variation of the test was also run to determine

Hit, eFFect of sampiing multiple channels. For this test,

1? chLmnels were sampled, but the total- sampling rate for

the chainnels was kept at 156 samples per second. In all

20



cases, the percent of Lime the Kh>, war, on wa: ,-,:1saJt at

approximately t.7%. Consequt Ily, at lI ow Samp]ing rates

typical for the IFPDAS, the percent (tf "113!M .'on" time was

independent of the amount. of R\M bufft-r memory. There fore,

to minimize the total storage hardware power required that

only the RAM buffer power be mirimized.

AL prograim initializaLion each acLive channel was

allocated a bl.ack of RAM buffcr, where each block was of

equal size. When a particular chatnel's block was full, a

new block of RAM buffer was allocated and the full block

was so flagged. This sequence required that the RAM buffer

contain at least one more block of data than active chan-

nels. Since all channels may be active, the RAM buffer must

have at least 21 blocks of data; 16 analog channels, four

digital channels, and one extra. if the RAM only contained

one more block than the number of active channels, the MBM

was required to be on continuously.

The overhead associated with each block of data con-

sisted of the block header. The header was made up of the

channel identification (1 byte), the block start time (2

bytes), and the first value (I byte), making the block

header four bytes long. To keep the MBM overhead to 5% or

less, the blocks must be at la;iLt 82 bytes long, requiring

the 21 block RAM buffer to be at least 1722 bytes long.

The term "range error," someLimes referred to as

"slope overload," describes the inability to represent

difference values by a specified (reduced) number of bits.



(The reasons for saving difference values instead of the

values themselves are discussed in Chapter III.) When a

range error occurs, the remaining data in the block in which

the range error occurred will be incorrect and must bo cor-

rected in some manner. Obviously, the smaller the block

size, the less correction, on the average, must be done to

correct for the range error occurrence. (Methods of

handling range errors are also discussed in Chapter III.)

The most important criterion for RAM buffer size selec-

tion was the IFPDAS packaging requirement, which dictates

high density, low power devices. The amount of RAM neces-

sary for at least 21 blocks of buffer, plus that required

for IFPDAS software, was slightly over 2K of RAM. Table I

specifics two 11M6116 static CMOS RAM chips. These 2Kx8

chips have the highest density at the lowest power currently

available. The extra memory will allow for future prepro-

cessing capabilities, as well as allowing the block size

to be adjusted according to mission needs.

Magnetic Bubble Memory. There were three MBM devices

available to choose from for a near-term IFPDAS realization.

The Texas Instruments 96-kilobit MBM was eliminated because

of its low package density and lack of' support hardware.

The Rockwell. 256-kilobit MBM (used in the simulation hard-

ware) was also eliminated. Its relatively low package

density, as well as lack of special-purpose LSl control

chips, precluded meeting the power and volume requirements

(Refs 8 and 9). The Intel Magnetics one-megabit MBM and
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its support electronics was chosen as the most promising

for a near-term IFPDAS realization (Ref 10). The most

appealing aspects of the Intel bubble were its relatively

high package density and special-purpose support elec-

tronics, both of which greatly reduced the physical space

and power required by the storage hardware. The support

electronics consisted of a bubble memory controller chip

capable of controlling eight bubble memory devices, and

five other chips which supply the drive and timing signals

to the bubble device. To provide the capability to test

higher density devices, while keeping the results tied to

a currently available device, only the structure of the

Intel bubble was simulated. The amount of bubble memory,

d.,; wul' is RAM buffer memory, were varied in the simulation

I r1fll roll- t o- t run.

lsing the sampling rates shown in Table II, the amount

ot MBIM requiired was 2,073,600 cight-bit bytes for a four-

hour mission. The Delta Continuous Storage Method (dis-

cussed in Chapter 1I1) reduced by hal-f the amount of storage

requi, red. (Tle other techniques discussed in Chapter II1

iad greaLer potential for daLa reduction, but only this

sLorage technique guaranteed a reduction by half.) This

implied that at least 1,036,800 eight-bit bytes were

required to insure sufficient storage for a four-hour mis-

s ion.

For a near-term realization, eight Intel MBM devices,

providing 1,048,576 eight-bit bytes, are required. Figure 3
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is a one-half scale drawing of the proposed IFPDAS layout.

Because of the obvious crowded conditions, the IFPDAS power

would be supplied by another module. The crowded condi-

Lions make routing of the address, data, and control busses

difficult, necessitating the use of multilayered printed-

circuit boards. Also, the existing Intel printed-circuit

board is too large and requires a redesign.

It is evident from the above discussion that the capa-

bility of the [FPDAS is limited by the density of the MBM

.gurrently obtainable. Recent- experimental and theoretical

results by Bell Labs (Ref 11) promise a quadrupling of the

storage density at a bit rate per device of one million

bits pur second or greater, as compared to the 50-100

thousand bits per second of existing devices. Bubble move-

n.nt was derived from patterned conducting sheets instead

(t- orthogonal field coils. This had the added benefits of

reducilg the power required by the MBM device, simplifying

ieC co! r1ol circuitry, and further reducing the physical

,Ipacu required. Also, the device reqUired a single fi-ve-

volt source rat.her than the Fi-ve- and twelve-volt sources

cur reinly required. This woUld elim inate the need for

iiu ItJpie power sources in the I.FPDAS.

S i l1ll I a t i on Ila rdwa re

The objective of the simulation hardware was to dupli-

cate both the control hardware and the storage hardware

Structures as closely as possible to simulate IFPDAS

25
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operations. The simulation hardware was chosen to meet

structural and functional requirements and to be readily

available. The remainder of this section discusses the

specific hardware used for the simulation. The intercon-

nections of the simulation hardware are shown via the block

diagram in Figure 4.

Rockwell System-65. The heart of the simulation hard-

ware was tLe Rockwell System-65 minicomputer (Ref 12). It

performed the System Control function of the controller

hardware. The System-65's MBM subsystem (Ref 13) also

enabled it to performi all functions associated with the

storage hardware. The MBM subsystem consists of a MBM con-

trotrle- board and up to 16 MBM boards (two MBM boards were

used in thie simulation). Each MBM board has four 256-

kilbit devices alonig with drive circuitry. The structure

, the System-65 matched the structiure chosen for the

minimnum coni gurati.on IFPDA5.

'The Syst;Lem-65 was specil icaLly designed to aid in the

devel opmelt iol microcomputer software systems. Its develop-

men ,tt s uppor t includes:

a. a ROM resident interactive system monitor

b. a RON resident assembly language compiler

c. a ROH resident debut routine

d. a h1igher order language compiler (Ph-65)

U. two mini-floppy disks and support software

f. hardware in-circuit emulator
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g. all EPRQM prograuune~r

Ki paratllel and serial terminal support from 110 to

9600 baud

TheC simulat ion soft-warc developed on the System- 65 could

be L,s ily t-iansi tiunud- to a ['6502 IlicrIocomI~puter-based 1FPDAS

plott y~e.Thizs, along with its existin-g MBM capability,

mtade t K' Syste n!- 65 ILual.1 y su-if-Led as f-huL sitnul.ati on lo0st

LatI A c(Iu i s i t, i on 111a rdwa re u o)ard J The remaining Func-

K 1 lo is ,ana I O) and d igitiL chatlnU i n t er face andC the2 MiaSion

Run ClIock , were! s inula ted on a dat a acquisition hardwaire

hoard. Whi I the board was funiictional ly equiva lent, to that

s5)(.C f Lud 1-r1 the Minimum configurationi IFPDAS hardware, it

coiit a itned s ome nonessen-tial ha rdware. See Appenrdix B for

d t aai s ()t the Data Acqui si tion H a rdwa re board.

Tuhe anll og channelt inte-l-act Ci oneLion was performed by

two 40-pini chips; the ADCO8i? data acqilsiti on chip

(let rI ed arlI r or heIVP)A prototype, and the R5

V(,rsat ih I ntert aice Adaptor (V IA) (Ref F14: Sec 6) . The

1k652'2 VIA hasi two pert pheral. po-ts, each With two control

I ilt?:, which I C) oyi ded ain Intertface bet ween t he Systemi- 65

illd tHe AI)C081 1 dLd NC(I i siti OtChip.

'I'he( R0522 VIA Also) h)as twu) independe.nt 16-hit inter-

V.1 IIt:;Wh i h wereC used to 1p roy i de. a pro-kgramimale Miss ion

I'm (:1ick 'The I irst t imer was~ p ro(grmmid to P I-OV jdL a

pIllI SC at h ltSi C SatIII)l illn' hit L-rval ,whi 1C thIe seconld

t iHnt! C01111 ed t lit M11mihl of- IttI St'S ti l)FOVldL, 6 lb h ts o0F



Ohe 24 hit-s required [or the Mission Run Clock. The rL-main-

ing cigilL bits were realized by inrcrcementing a memory loca-

LI on Whenever Lhe Mi ssion Run Clock counter overflowed.

The R6')?2) VIA also contains a serial input/output vight-bit-

shift rug is Lci which might be useful during IFPDAS proto-

Lyl) Lug.

'Lwo digital chamnnls were provided by the MC6820

11cripl)heral I lt.e r ace Adaptor (P IA) . Both of Ll~ic PIA s

piall, poIIci rts have p~rog rammabl Iceon tro I lines for h and-

sbRinug w ith the xer duv ice as well as an inte rr1up t

signul totlmircmptr The SysLUter- 65 has two add i-

ioiltl digital ports which could be usedc for s imulationi--

lie serial po)rt to which the sysui terntriinal is attached,

am1 ~ ~ ~ 1 to vrlI!pierort R 12) hoiweveL2r, ne ithe

T1I d Jt J (I I i Si I on ha 1 r dw.i re( 'bo a r d also has6 a M0840.

1eW M"t)"io CO a)1 i SII trueC in11deUpen2denU1t 1-i t) , prg rammal'ible

ill! cil v'It tieh.'ii: chi p w'as added is ai t-ool for simula-



III Software

This chapter deals with the IFPDAS controller simula-

tion software,. First, the simulation software design is

discuss-d and a detai led description given. Next, all

IInalysis 1f tIe sampli ng rate to insure si gnal reproduci-

hi Ii ty, o I lowed by a di scussion of the dat a reduction

sl Meaget hods used , is given. Lastly, the analog ;ampling

delays due t simu.t[aneous request and the possib le sampling

itter hey cdLuse are considered. The worst.-case jitter is

closely examined and a method to reduce the occurrence of

itter is presented.

I L gnL 1 Met1 hod

'l'he_ simulation software was designed in a top-down

(somictifleis called structured programming) manner. Myers

de fined st ruclured programming as "the attitude of writing

code with tlie intent of communicating with people instead

of, machines" (Ref 15:130). While he did not give a more

)ieci.Sc defiri i.,ion he did define five "acceptable'' pro-

'ramm iig coni s t ruet s wh i ch pr-iduce r-ead ah Ic code. Thes e

I iye cV. l'ustrmci:; , showll ill 1-gur1e 5, were used extensively

in thLe, solI-tmwalr des I -L',. t-)t- stuCLuCled progranming "do's"

'iid ' il'J S" ts'' hat wer,_. used is desigl guidelines ai-e as

SIw;

$0(



Sequence

If-Then-Else

Do While___

Case ----

Fig. 5. Structured Programming Constructs
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a. software modules performed a single function

b. module independence was maximized

c. module coupling was minimized

d. module size was small

e. modules were predictable (had no memory of pre-

vious calls that modiFled the execution)

Certain guidel-ines of "pure" stI-uctu'ed programming were,

however, violated. Specifically, because of the real-time

aspects of nanipulating certLijo array variables, the use

of global array variables was necessary for those cases.

The use of global variables resulted in some data handling

subroutines he Lng, to a large deg-ee, dependent on the data

st ruct ure chosen, anot her violation of "pure" structured

prograinlling practices. In both cases, the degree of pro-

gram complexi!y and obscurity wais signi ficantly reduced,

and it was det-rmined that this depa-tLure from the struc-

o rlted p ) rl-~i~m i approaich wis warral-Ited.

I t Wr I LSj I In

Thu soItwitre was designed j ii two parts: the preflight

Had po.'st f I igtf so ftwa.re, and t he rea l-t ime mission run

S)! tw Ie . Tlhe pref] ight softwjre a 1lowed the operator to

i itiial ize time particular mission scen;irio for:

a. signial parameter charicteristics

b. basic sampl)].ing interval

c. RAM buffer size

3 2



d. MBM size

e. mission end time

The postflight software allowed the contents of the MBM to

be dumped in a graphic format to a specified device/port.

For both preflight and postflight software, existing

System-65 input/output routines were used as required.

This allowed more attention to be focused on the mission

rUl SOt It ware.

The mission run software duplicated, as closely as

possible, the real-time operation of the minimum configura-

tion LFIPDAS. Exact duplication was not possible due to

simulation overhead calculations such as the amount of

time the bubble was powered up/down. The simulation over-

head was kept to a minimum and did not appreciably affect

- yst em performance. The program listing is given in Appen-

dix A.

Software Description

The mission run software was designed using the inter-

rupt capability of the R6502 microcomputer. When an inter-

rupt request (IRQ) signal was detected by the microcomputer,

the Main program was halted and the interrupt handler

polled the possible requesting devices in the order given:

a. Mission R " tock -ovr-1ow- - -. ...... --. .

b. Basic System Clock timeout

c. A/) conversion complete
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The order in which the requesting devices were polled dic-

tated the relative priority of each device. This interrupt

polling method was chosen over a hardware-vectored inter-

rupt method to keep the control hardware minimized. With

the relatively slow sampling rates of the original 12 param-

eters, the interrupt polling method proved more than ade-

qLia t .

The Main Program. The Main program continually moni-

toced the status of the RAM and MBM. When it was determined

that the available RAM buffer memory was at or below a pre-

o',-iined level (usually 20Z), the Main program powered up

the MBIO and evoked a subroutine to flush the data from RAM

buffer to the MBM. All full blocks associated with the

fastest channel were flushed and the pointers were updated

bef'ore the next-fastest channel was considered. When a

particular block of RAM buffer was flushed, it was returned

to a stack of available memory for subsequent use. When

al I active channels had been flushed to the MBM, the Main

program again checked the amount of available RAM buffer

memory before powering down the MBM and starting the

sequence again. Powering up and down of the MBM was simu-

lated because that feature was not available on the

System-b5.

Hasic System Clock Interrupt. The Basic System Clock

was a 16-bit programmable timer which provided the basic,

elemental time increments. Each channel's sampling inter-

vat could then be progranned as an integer multiple (1-255)
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of this basic time increment. The input to the Basic Sys-

tem Clock was the one-megahertz microcomputer clock.

An interrupt occurred each time the Basic System Clock

counted the predefined number of one-megahertz pulses. The

interrupt handler then checked each channel (fastest chan-

nels first) to see which should be samipled. When it was

determined that a channel should be sampled, the A/D con-

version was initiated, and the mission run time for that

sample was saved. If the A/D converter was busy, a flag

was set to indicate the channel needed to be sampled. When

,All channels were checked, program control was returned to

the Main program.

Mission Run Clock Interrupt. The purpose of the Mis-

sion Run Clock was to provide a count of the number of ele-

mental time incremeits throughout the entire mission. For

this simulation, the Mission Run Clock was realized as a

[6-bit hardware counter and a memory location to store the

ntmber of clock overflows. This resulted in a 24-bit Mis-

si on Run Clock.

An interrupt was generated when the 16-bit hardware

counter overftowed. The Mission Run Clock handler then

incremented the overflow memory location and checkd to see

if the al owed simulation time had elapsed. 1f the allowed

simul at io time had elapsed, the simul at ion was halted;

otherwise program control was returned to the Main program.

A/D (.,v'.rsJ on Complete Interrupt. An interrupt was

generated by the A/D converter upon conversion completion.
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The End-of-Conversion handler first saved the value just

converted and then checked to see if any other channels

(starting with the fastest) were flagged as needing to be

sampled. If a channel was so flagged, conversion for that

channel was initiated and its flag cleared. The handler

then dtermined, according to the particular storage

method, if the converted value just saved should be kept.

If the data was to be kept, it was formated as dictated by

the storage method for that channel, and placed in a block

of? RAM buffer designated for that channcl. If the place-

ment of the data filled the block, then another block was

allocated from the list of available RAM buffer memory, and

channel header information written on the block. Control

was then returned to the Main program.

Channel Service Request Interrupt. The channel

service request provided an alternate means for sampling

data. Instead of sampling 'e data at predefined intervals,

the channel was only sampled upon request. This method was

used exclusively for the digital channels during the simu-

lation, but could be used for analog channels. Likewise,

the digital channels could be automatically sampled at pre-

(d-fined intervals, as was done with the analog channels.

The storage method used for a channel service request

was the continuous method; however, variations of any of

the storage methods discussud later in this chapter could

bA used under appropriate conditions.
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Channel Sampling

This section deals with several aspects of channel

sampling. First, the sampling rate to insure signal repro-

duction is discussed. The storage methods used in the simu-

lation are then described. Lastly, the three storage reduc-

Lion methods are compared to the Continuous Storage Method,

and the benefits and drawbacks of each are examined.

Signal Reproduction. The Shannon Sampling Theorem

defines the sampling rate that assures the complete

recovery of a band-limited signal (after appropriate filter-

ing). This theorem can be stated as follows:

If a continuous, band-limited signal contains no fre-
quency components higher than fc, then the original
signal can be recovered wiLthout distortion if it is
sampled at a rate of at least 2f samples per second.
(Ref 16)

This concept is illustrated in Figure 6. The frequency

spectrnum of the signal being sampled is repeated at the

sampling frequency.

I f the sampling frequency, fs is at least twice the

signal's cutoff frequency, no "frequency folding" occurs.

In reproducing the original signal, frequency folding

causes distortion. The effect of an inadequate sampling

rate produces a phenomena called aliasing, in which the

signal appears to vary at a much slower frequency (called

the alias frequency). This effect is shown in Figure 7 for

a sinusoidal input.

As indicated in Figure 6, recreation of the original

signal required an ideal low-pass filter, a mathematical
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CONTINUOUS SIGNAL SPECTRUM

f
C

IDEAL LOW-PASS FILTER
.... SAMPLED SIGNAL

SPECTRUM

f f-f f f +f
C S C S C

Fig. 6. Frequency Spectra Demonstrating the
Shannon Sampling Theorem

fiction. However, the error from a realizable low-pass

tilter can be made arbitrarily small by increasing the

order of the filter. In practice, however, aliasing is

reduced by increasing the sampling frequency, fs" A rule

()I thumb is to sample six to eight times the signal's

highest frequency component.

l)escrJL:ti on of SLorage Methods. Each storage method

presented ini this secLion had its own strong and weak

poi nts. Each parameter input should be examined and matched

Lo the appropriate storage method according to the guide-

lines presented.
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ACTUAL SIGNAL

APPARENT SIGNAL

TIME

Fig. 7. Aliasing Caused by an Inadequate

Sampling Rate

Five storage methods were suggested by Hill to reduce

the storage required (Ref 3:15-20,51-60). Of those, the

continuous and variable change methods were judged both

feasible and within tile 1% error guideline. A variation

of each method, Delta Continuous and Modified Variable

Change, is also presented in the following discussion.

Continuous Storage Method. The Continuous Storage

Method (CSM) saved the data value for each sample taken.

Because each sample was stored, and the time between samples

was known, there was no need to time tag the individual

samples. This method added no additional error above that

of the A/D converter alone (less than 0.2%) and had the
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smallest overall error of the methods examined. Although

this method had the highest accuracy of the methods

examined, it also lacked potential for storage reduction.

Table II shows the storage required for a four-hour mis-

sion. The CSM should be used for signals which require

maximum accuracy.

TABLE Ill

FOUR-HOUR STORAGE REQUIRED FOR CONTINUOUS
STORAGE METHOD

Storage Required

Samples per Second (eight-bit bytes)

20 288,000

8 115,200

I- 4 57,600

2 28,800

Delta Continuous Storage Method. The Delta Continuous

Storage Method (DCSM) differed from the CSM in that the

sign plus two's complement difference between the current

value and the previously stored value, rather than the

current value itself, was stored. The difference was repre-

sented in a four-bit, sign plus two's complement format,

as shown in Figure 8. This method reduced the storage to

half that required by the continuous method. This storage

reduction was not without cost. Storing the difference,

rather than the value, required the difference be in the

range of possible four-bit, sign plus two's complement
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SIGN PLUS TWO'S COMPLEMENT
DIFFERENCE FOR DATA n

SIGN PLUS TWO'S COMPLEMENT
DIFFERENCE FOR DATA (n+l)

Fig. 8. Delta Continuous Storage Method Format

numbers (-8 to +7). A difference value larger than this

resulted in a range error and caused the subsequent data

within a block of data to be incorrect. (By storing the

tirst value in the block header, the rippling effect was

limited to a single block and did not carry over to the

next block.) The accuracy associated with this method

depended m the value chosen as the minimum reportable

amount of change, C. Tie current difference value, D , was

edlculaled to the nearesL whole ntumber as

I) = (last v lue satved) - (this value)
n C

where

(this value) = value just obtained from A/D
conversion

(last value saved) C x 1)
n-1
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At a given sampling rate, a larger C value reduced the

amount of storage required and reduced the probability of

having a range error, but did so at the expense of accuracy.

'Fable IV shows the relationship between a given C value and

the maximum error possible due to A/D conversion and storage

for this and the remaining methods used.

TABLE IV

RELATION BETWEEN MINIMUM REPORTABLE CHANGE
AND THE ERROR ASSOCIATED

Minimum Reportable Maximum Error Due to A/D
Change, C Conversion and Storage

1 0.7%

2 1.17%

3 1.56%

4 1.95%

5 2.34%

Variable Change Storage Method. The Variable Change

Storage Method (VCSM), like the DCSM, stored the difference

between the current value and the previously stored value,

rather than the value itself. The accuracy associated with

the VCSM also depended on the C value selected, and is

shown in Table IV. The VCSM stored data only when the cur-

rent value differed from the previously stored value by at

Least C. This required each difference value to be time

tagged with the number of elapsed sampling intervals since

the previously stored sample. Figure 9 shows the format
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ELAPSED TIME INTERVALS FOR DATA n

SIGN FOR DATA n

F T I - - ! - - I - ...I . .i -

MAGNITUDE OF CHANGE MAGNITUDE OF CHANGE FOR
FOR DATA n DATA (n+l)

II

LIAPSED T TME INTERVALS FOR DATA (n+l)

. SIGN FOR DATA (n± 1)

Vig. 9. Variable Change Storage Method Format

us(ed fur the VCSM. If the iinput signal did not change by

at- least C before the time tag overflowed (128 sampling

intervals), a "no change' value was saved. Tierefore, the

ime currelatLion from sample I() sample was maintained.

Tdble V represents the storage requircd for different

samnpling rates in terms of the maximnum and minimum number

eight-bit bytes required. The nunbers represent the data

ge-ueratcd by (ne in)ut sI nipha1 dui: ing a four-hour mission.

The ml.ximui storage was required when every sample taken
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TABLE V

FOUR-HOUR STORAGE REQUIREMENTS FOR

VAR[ABLE CHANGE STORAGE METH4OD

Rate Storage (eight-bit bytes)
(Samples per Second) Minimum Maximum

20 3375 432,000

8 1350 172,800

4 675 86,400

2 337.5 43,200

differed from the previous by at least C. The minimum

storage was required when the input signal was stored only

Ls the time Lag overflowed. The minimum values indicated

the Vr:SM's potential for storage reduction. The maximum

vlluCs indicated th- storage penalty possible. Like the

.I. i , met I t ,d ru (I tired the differene value to be

i ~n he) ,dl I wabl 't ra ge ( - [ ) tl "U -I5).

_li t iI V 'i 11) h 1 . 11,i d : p, ragLe Method. The Modified

,, l ii!,1J Challlge S t a,,, Met ,, (UVC:M) used the basic data

: u, It , t he VC,>!. As ste-'l in igurt 10, the MVCSM

: L i d Iit ntry ( ine L ilk .ld d: t I,-.rt nce va lue) in a

;I igIC Cigllt -hit byt. As slwwn ill 'TO I ' V1 , this method

hal a poMt nt i a I for s t or.,ge CCdCit ) , a l 1to-ugh less than

that 'it the VCSM. Ho(wevr , I r t ih worst - case condi t ion

whtere every sample taken was streud, theL0 storage penalty

was no worse thal that of Lie (SMl

4/4
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ELAPSED SAMPLE INTERVAL

I IIII
- ----- _________________

SIGN PLUS TWO'S COMPLEMENT
DIFFERENCE VALUE

Fig. 10. Modified Variable Change Storage Method Format

'FABLE VI

FOUR-HOUR STORAGE REQUIREMENTS FOR
MODIFIED VARIABLE CHANGE STORAGE METHOD

Rate Storage (eight-bit bytes)
(Samples per Second) Minimum Maximum

20 18,000 288,000

8 7,200 115,200

4 3,600 57,600

2 1,800 28,800
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As with the previous method that stored differences,

this method required the difference to be in the allowable

range (-8 to +7 in this case). The time tag overflowed and

a 'no change" entry was saved after 16 sampling periods had

elapsed. Also, like the previous difference methods, the

error was dependent on the value of C chosen.

Storage Method Comparison. A graphical representation

of the amount of storage required by each method is shown

in Figure 11. To account for various sampling rates or

mission lengths, the data is normalized to the Continuous

Storage Method. For input signals which change by a small

amount, the Continuous Storage Method requires the full

eight bits to convey as little as one bit of additional

information. For storage-bound applications such as this,

alternative storage methods were needed for these types of

signals.

The last three storage methods discussed above were

variations of what the literature called delta pulse code

modulation (Ref 17:218). The appeal of these storage types

was that, by storing the difference instead of the signal

itself, fewer bits could be used to convey essentially the

sanie information.

The drawback to these methods was that, as soon as the

number of bits was defined, an allowable range of variation

from one sample to the next was also defined. These methods

should be used only for signals which usually do not vary

by more than the method's allowable range. As long as the
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Fig. 11. Normalized Storage Versus Storage Required

signal variations from sample to sample were less than or

equal to the allowable range, these methods worked admirably.

However, when a difference storage method was used for input

signals, which consistently varied by more than the allow-

able range, one of two courses had to be taken: either the

sampling rate was increased, thereby requiring more storage

memory, or the minimum reportable change, C, was increased.

Increasing the sampling rate to eliminate range errors

t resulting stiirage to e
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by the Continuous Storage Method. In a test case, in which

a zero to five-volt sinusoidal test signal was sampled, all

difference storage methods required significantly more stor-

age than the Continuous Storage Method because the sampling

rate was increased to eliminate range errors.

In many cases the occurrence of a small percentage of

range errors might be acceptable, when compared to the

sampling rate required to insure that no range errors occur.

Whether a small percentage of range errors is knowingly

allowed or not, the software should recognize and handle

range errors to prevent erroneous data from being stored.

In the simulation conducted, the occurrence of a range

error caused the software to stop the simulation with a

'range error" message. The following paragraphs discuss

possible methods of handling range errors.

One way to handle range errors would be to discard the

entire block of data containing the error. The smaller the

block, there will be less data lost. This approach would be

justified if the mnount of storage memory were marginal, the

probability of a range error were small, and the occurrence

of small gaps in the data would not invalidate the entire

test.

If preservation of all data were necessary, then the

program could zero-fill the remaining portion of the block

and stajrt a new block. Again, the smaller the block, the

l,.,s zero-filled MBM storage there will be. This approach
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should be used only when the probability for range error is

small, to prevent excessive zero-filled storage.

Another approach would be to store the maximum differ-

once possible until the signal could again be correctly

represented. This approach produces a "signal tracking

error" whenever range errors occur, if the signal tracking

error were acceptable, this method would be desirable from

a storage point of view.

Lastly, the sampling of a partLicular channel could oe

adaptively adjusted throughout the missioi,. For instance,

a predefined number of range errors would cause the minimum

reportable change or the sampling rate to be increased.

SimilarLy, repeated storage of "no change" would cause the

sampling rate or the minimum reportable change to be

decreased. 1f required, the sampling method could also be

adaptively changed to match signal to storage method. While

this approach is beneficial in many respects, it would

require added storage overhead (block header information)

to indicate sampling rate, minimum reportable change, and

storage method.

The second course to pre-vent range errors, increasing

the minimum reportable change, C, can reduce the amount of

storage required, but does s) at the. expense of sampling

accuracy (see Table IV). For the DCSM, increasing C

allowed the sampling rate to be reduced, thereby decreasing

the amount of data stoired. For both the VCSM and MVCSM,
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increasing C also resulted in more "no changes" between sam-

ples, further reducing the amount of storage required.

A qualitative test was conducted to determine the

tradeoffs between sampling accuracy and storage requirement.

A zero to live volt sinusoidal test signal was sampled using

the three difference methods discussed. The test was

repeated at several signal frequencies. Although a signal

of this type should be, in reality, sampled continuously

to achieve minimum storage, the test did provide an indica-

tion of the tradeoff between accuracy and storage.

Sampling accuracy was varied by varying the minimum

reportable change, C. The sampling rates were set at the

minimum rate possible that produced no range errors. There-

fore, every sample taken was stored and the sampling rate

equaled the storage rate. The storage reduction percentage

proved to be virtually independent of the signal frequency.

'Fable VII shows the storage percentage reduction for the

difference methods tested.

Sampling Delays

To insure reducibility it is important to correlate

the samples from a given channel with time. For ease of

programming, as well as analysis, the time between samples

should be equal. When swnpling multiple channels, each

with a different sampling rate, it is difficult to maintain

equal time between all samples for all channels.
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TABLE VII

DATA REDUCTION FOR INCREASED MINIMUM
REPORTABLE CHANGE, C

Minimum Reportable Change, C

Method 2 3 4 5

Delta Change
Storage Method 63% 75% 83% 86%

Variable Change
Storage Method 57% 69% 77% 82%

Modified Variable
Change Storage
Method 63% 75% 83% 86%

A collision was defined as the occurrence of multiple

channel sampling requests. For analog channels the colli-

sions caused the nth channel's samples to be delayed in time

b, the amount (n-l) (T +Ts ), where T s was the time to deter-

mine the next channel and start its conversion, and Tc was

the A/D conversion time. For digital channels the delay

wis (d-l)(Td), where d was the number of digital channels

and Td the time to determine the next channel and read its

Val]ue.

Sampling "jitter' was defined as a fluctuation in the

simtpling interval. Two sources of jitter were observed.

The t irs;t wits a one t o five microsecond jitter due to the

ra ridor[ nature of interrupt request. Thi s amnount of jitter

was insignificant when compa, L-d to tHe slow varying si,- ls

-The second sotiiceofjl ~ the



inconsistent occurrence of collisions. For this case, the

jitter was equal to the delay due to the collision.

As shown in Figure 12, no sampling jitter was observed

when collisions occurred consistently at each sample inter-

val. In Figure 13, the jitter for this case was eliminated

by sampling the faster channels first. Figure 14 shows that

no jitter occurs for the case where successive channel sam-

pling intervals were integer multiples of their predeces-

sors. Figure 15 shows that jitter occurred, however, when

atL channel intervals were not integer multiples of each

other.

For the two-channel case, the repetition interval for

channels with sampling intervals n 1 T and n 2T was (n 1 n 2 )T,

where T was the basic system time interval, n1 Kn2, and n 2

was not an integer multiple of n. A theoretical worst-

case jitter of approximately 19(Ts+T ) would occur if all

20 channels (analog and digital) had sampling intervals

that were not integer multiples of each other. For an

observed (T s+T c ) of approximately 300 microseconds, the

th e-Lrstase delay is approximately 5.7 milli-

,econds. Sampling intervals which are not multiples of each

other imply that they be prime numbers (say P0 through P 1 9 )

Limes the basic sampling interval, T. The repetition inter-

v,.il for such a jitter would be (PVp. P 3 - . .P 1 9 )T .

This theoretical worst-case jitter delay is presented

here to show that even the worst-case jitter possible is

only approximately II% of a 50 millisecond system sampling
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interval. With the frequency of the worst-case jitter

being (P1 P2 .P P T), the mission would run at least
2 4

(7.8x10-)T for the worst-case jitter to occur. For T=50

milliseconds, a worsL-case jitter would occur approximately

every 1.24xi01 6 years! Therefore, it is very unlikely that

the worst-case jitter would ever occur.

For the sampling rates suggested in Table 1, assuming

fastest chalnels are sampled first, the worst-case jitter

would be ±1.5 milliseconds for the parameters sampled at

eight samples per second. This is 1.2% of the .125 second

interval, and occurs at every sample.

If the sampling rate were just twice the frequency of

the highest signal component, this timing jitter would pro-

duce a maximum possible error of 3.7%. The sampling fre-

quency is higher than twice the highest signal; therefore,

the error produced from the .itter is less than the 3.7%

maximum. Lf this error were determined to be unacceptable,

the sampling rate of the appropriate parameters could be

increased from eight samples per second to ten samples per

second. The sampling intervaLs would then be integer

multiples of each other and, as previously shown, no jitter

w(uld occur.
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IV Results and Recommendations

The proposed IFPDAS was designed using current state-

of-the-art devices. The design consisted of an eight-bit

microcomputer which controlled the flow of data from one of

lb inalog or four digital channels to MBM storage. Although

the cntroller design was simplistic, its capability was

signiticantly bLeyond that required by the IFPDAS. This

should allow this basic control Ier design to be used with

tuturC MBM devices at much higher sampling rates.

Operational software was designed and the system simu-

lated on a Rockwell System-65 minicomputer augmented with

two-megabits of MBM. This software could be easily trans-

1crred to a R6502-based IFPDAS prototype.

It was evident from the start that any design using

existing NEM devices would be storage-limited. The con-

ro I l'r portion of the I FPDAS was designed with the minimum

mnount of hardware possible. This, with judicial device

selection, insured the minimum amount of power and physical

space for the controlle- hardware and the maximum remaining

p)ower and space for MBM storage,. Even so, the IFPDAS design

using eight, one-megabit Intel MIMs could only support the

storage rate of the 12 original parameters. Greater storage

rates were possible, but only at the expense of mission dur-

ation. This is shown graphically in Figure 16. The
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SAMPLES PER SECOND

S 6

4+ k +
21-2

1 2 3 4

MISSION LENGTH (HOURS)

* Assumes sample rate twice storage rate

** Original parameters

Fig. 16. Mission Length Versus Stoirage Required

eight-megabit line rupre ;enrs the MaximUmt amunt Of "!I1>

that will fit into a 2x5x9 inch [PFDAS using existing state-

of-the-art devices. As the saiip) e rate (and, there fore,

the storage rate) increases, the eight-megabit line is

crossed at shorter mission lengths.

Although the device chosen to convert analog signals

did not have an internal sample-and-hold, one could be

added if required. Because of the slow-varying signals and

the relatively fast A/D conversion time, the possible error

due to the signal changing while being converted was insig-

niFicant when compared to probe accuracy. If signals of
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higher frequency should be sampled in the future, the deci-

sion to omit the SAH should be reconsidered.

The RAM buffer memory allowed the MBM to be powered

down when not in use. At the slow IFPDAS sampling rates,

th percent ot MBM "on' time was independent of the amount

ot RAN buffer available. Size selection for RAM (system

dr-d butter) wiis, therefore, based mainly on power and space

re qui rcrlneI t S.

The four data storage methods used were:

a. Continuous Storage Method

b. Del Continuous Storage Method

-" c 'Variable Change Storage Method

d. Modified Variable Change Storage Method

The last three reduced the amount of storage by saving the

difference between values rather than the values themselves,

since the difference could be stored in fewer bits. Also,

the last two methods stored differences only if they were

larger than a predetermined value.

If the difference was larger than the bits could

represent, a range error occurred and the current data, plus

all subsequent data in the block, were incorrect. Two ways

to prevent range errors were to increase the sampling rate

or to increase the minimum reportable change (or minimum

difference value). For signals which had wide variations

from sample to sample, increasing the sampling rate

required, in some cases, more memory storage than the Con-

tinuous Storage Method would have required. For this
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reason, parameters should be matched to storage methods.

Increasing the minimum reportable change significantly

reduced the amount of storage memory required, but did so

at the expense of data accuracy. Choosing the largest value

for the minimum reportable change that can possibly be

tolerated is the easiest, most straightforward way to

reduce storage.

Several methods are suggested to handle range errors

when they occur. If memory storage is at a premium, the

block containing the range error can be discarded. If

accurate, continuous samples are important, the remaining

block can be zero-filled and a new block started. If some

error can be tolerated, the maximum difference can be

stored until the difference saved again correctly represents

the true value. Lastly, sampling can be adaptively

adjusted throughout the mission, increasing or decreasing

sampling rates or minimum reportable change and changing

the storage method used.

Consistent sampling intervals are important for repro-

ducibility, as well as signal analysis. Inconsistent sam-

pling intervals or "jitter" are caused by inconsistent,

* simultaneous sampling requests. For the worst case pos-

sible, the jitter was approximately 11% of the sampling

interval. The jitter which can be expected during normal

sampling would be less and is not considered significant.

However, jitter can be totally eliminated by sampling

faster channels first and making each channel's sampling
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rate an integer multiple of the previous channel's sampling

rate.

It is evident that this basic, simplistic design is

very versatile and could be used for other related types of

applications. One in particular is the collection of

parachute drop data (Ref 18).

It is recommended that an IFPDAS prototype be built

using the components specified in Chapter II or their

functional equivalents. This construction would identify

the layout and interface problems of packaging MBM alluded

to by MBM manufacturers (Ref 10:49). Also, since it is

reasonable to expect that the next generation MBMs will be

bus compatible with existing MBMs, an IFPDAS with increased

speed and storage capabilities will be more easily realized.

62



Bibliography

1. Merrifield, John T., et al. An Inflight Physiological
Data Acquisition and Analysis System. Crew Technology
Division, USAF School of Aerospace Medicine (USAFSAM),
Brooks AFB, Texas.

2. Jolda, Joseph G. and Stephen J. Wanzek. Aircrew
Inflight Physiological Data Acquisition System II.
MS Thesis. Wright-Patterson AFB, Ohio: School
Engineering, Air Force Institute of Technology, Decem-
ber 1977. (AD A055638)

3. Hill, Robert E. Aircrew Modularized Inflight Data
Acquisition System. MS Thesis. Wright-Patterson AFB,
Ohio: School of Engineering, Air Force Institute of
Technology, December 1978. (AFIT/GE/EE/78-28)

4. ADC0817. National Semiconductor Data Handbook, 1977.

5. RCA COS/MOS Memories, Microprocessors, and Support
Systems. Summerville, NJ, 1979.

6. The MOS Memor Data Book. Houston: Texas Instruments,
Tnc., 7T9

7. The Complete Motorola Microcomputer Data Library.
C-ap.I, ,197. Phoenix: Motorola Semiconductor Products,
Inc., 1978.

8. Rockwell Control Module (RCM650) System 65 Bubble
Memory System. Product description. Ana-eim: Rockwell
International Corp., March 29, 1979.

9. Rockwell Linear Module- RLM6580 - 256Kx4 Bubble Memor
Storage. Product specification. Anaheim Rockwe1i
International Corp., February 8, 1979.

10. Intel Magnetics Bubble Memory Design Handbook. Santa
Crara: Intel Magnetics, Inc., 1979.

11. Bobeck, A. H., et al. "Current-Access Magnetic Bubble
Circuits." The Bell System Technical Journal. American
Telephone an -Teegraph Company: 1453-154 (July-August
1979).

12. Rockwell R6500 Microcomputer System-65 User's Manual.
Document No. 29650N35. Anaheim: Rockwell International
Corp., Rev. 2, January 1978.

6-3



13. Log Diagram of the RCM650. Bubble memory application
note #2, Rev. A. Anaheim: Rockwell International Corp.,
November 1, 1978.

14. R6500 Microcom uter System Hardware Manual. Rockwell
International Corp. USA, revised August 1978.

15. Meyers, Glenford J. Software Reliability Principles
and Practices. New York: John Wiley and Sons, Inc.,
V7 6.

16. Simpson, Richard S. and Ronald C. Houts. Fundamentals
of Analog and Digital Communications Systems. Boston:
A-llyn and Bacon, Inc., 1971.

17. Taub, Herbert and Donald L. Schilling. Principles of
Communication Systems. New York: McGraw-Hill Book
Company, 1971.

18. Richardson, Gary A. Evaluation of an Improved Para-
chute Test Data Acquisition System. MS Thesis.
Wright-Patterson AFB, Ohio: School of Engineering, Air
Force Institute of Technology, December 1979. (AFIT/
GCS/79-13)

19. Intersil Data Acquisition Handbook. Cupertino, Cali-
fornia: In-tersil, Inc., 98.

20. Garnett, Patrick H. Analog Systems for Microprocessors
and Minicomputers. Reston, Virginia: Reston Publishing
Company, Inc., 1978.

21. Tocci, Ronald J. and Lester P. Laskowski. Micropro-
cessors and Microcomputers Hardware and Software.
EnglewooTCliffs, New Jersey: Prentice-Hall, Inc.,
L979.

22. Wollensen, Donald L. "CMOS LSI - The Computer Component
Process of the 80's." Computer: 59-67 (February 1980).

23. Capece, Raymond P. "Bubble Offerings Start to Balloon."
Electronics: 41-42 (March 13, 1980).

24. Chang, Hsu. "Major Activity in Magnetic Bubble Tech-
nology." Computer Design: 117-125 (November 1979).

25. Chang, llsu. Magnetic Bubble Memor Technology. New
York: Marcel Re ker, Inc., 1978.

26. Rabiner, L. R. arid R. W. Schafer. Digital Processing
of Speech Signals. Englewood Cliffs, New Jersey:
Prentice-Hall, Inc., 1978.

64



27. Spieger, Phil. "Getting Started in Bubble Memories."
Digital Design: 46-50 (November 1979).

65



Appendix A
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PHYSIO)LICAL DATA A0mUISIT .... PAGE 0001

LINE # WOC CODLE LINE

0002 0000 ;*-*k~ PAGE ZERO VERIAALES *Akk*

0003 0000 *-$0006I
0005 0006 EV NQWNS .BYr $FF ;NUMBI3 OF ACTIVE Q{ANNEL I
0006 0007 FF NP(IITS .B'~ $FF ;NUMBR OF ACTIVE PORTS - 1

00)08 0008 00 ADBUSY .BY $0 ;A/DB W YFA, 0-3 - DHM ,7 BSY
0009 0009 BUBNDX * -c-1 ;CtflR1T BUYI. TO BUBBLE UaDX POINTER
0W10 OOOA CURBFA *-k'-i2 ;CUIRRL11 3UFMER ADIRES
00 LI 0000 00 BBUSY iByf s0 ;RUBLE BUISf lAG 0-3 - W)EX, 4 - CRAN/PORT

00H 000 NAW *-+I NUTM1Th) OF RUJQ(S INLINK
00L4 000E '('LiK ~-A-2 ;'1 011 OF ?,LNK' PO1IJTE
0015 00I( 1,19WXL *-~+2 -)AID1ESS 01F BIIKX JUST' DE-LINKED
(016 00.12 'JLDILK -A-42 ;ADDRESS OF fflMX2 TO HAE LlD

0018 0014 (II01"L *-*+ 16 ;LJS'l ACTIVE CHAN, 0-3 - CHO, 4-5 - ME'HOD,
I0019 00246= UI lf)Fr 7- /RH M

0020 0024 (XJNIV *-*+16 ;VAR TABRLE Th1E'J (CCN'R
0022 (0036 CBKP~t'R *-*+16 ;QIXNNKI. RIPX( POINTE

(025NE (T04FA ADIF1P

0030 (01% LSiUVAL *-+16 ,IAST A/D VALUE
0031 (OAA 1SI'M 'd+32 -),A' AID TLME
14132 fl)QX 'D LWVAL *-*+1.b ;'1111S VALUE OF All) CONVERSION
0Vii 01A '1115i1 M *-4+32 ;1'0-: O1111ilS A/D CONVERSION

0034 L101'A KV111i 1*4W ,L1.15r OF ACT]VE PORIS - BIT 7 NEED BUBBLE SERV

W316 00FE ACUI'RLY *-*+,I

(1038 00FF ;****kk** INTERVAL TIMER ADDREFSS DEFINITIONS

(00 00FF '11112 =$AFE9 ;WRITE CWO1f(L MB2
(0041 00FF ;RFAD STATUJS REU
W042 00FF 7TM3 = $AFE8 ;CIL2 BIT lam WR11 TL3
(0043 (1FY Cr1,2 BIT 0 = - , "E CrLi
1014 00)FF RIM&J -> NG "Ii
C 045 (1FF TlCNTR =$AFEA ;Rf-, 'MER I &nJNTR
0KM046 (FF WRITE MB IIUFPER FRW,
(04W WlFF TIlhIW =$EB;WR1T!- TIMER 1 IAIUI
(1048A 00FF 5READ LSR 1JFFPR MI
(049 00FF Tr2CNWM - $AFEC ;RFAII Tl21FM 2 COMME
(050 00FF WRiTE WK~ 1TJFFER RITL
00W (O0FF Tr2UIIW = $AEAD ;WRITE TIMER 2 LAIUH
00')2 00IFF RFAD IS13 1JFFFY R11:
0053 (0FFy '13Q4' - $AFEE ;RtEAD TINER 3 XULrFR
0054 (01FY WRITE MSB 1KJlFF.R RBS
0095 00FF 73UIfW - $AFEF ;WRYIIh, TLNER 3 1AIMl
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PHYSIM ICAL A AOUISIT ...PAG~E 0002

LINE #A WkC CUDE LINE

0056 O0OW READ LSB BUFFER REIJ

0058 0()FY ;*k*** VIA AD1PJSS DEFINITIONS ***

0060 00fl. P(FTA - $AFFi ;DEFTNE A/D I1ATA ADMEJSS
0061 00P'i. DDRA =$AF3 ;P(ORT A T-ATA DMIROIN RBGISTER
0062 OutFF AUWL = $AF'T ;AUM~ARY ONTOl RILISTER

0064 00iF MMRT = $AJ11,0 ;ADDRIESS OF CHAINEL. SELECT (0-F)
0065 O0Om. DDIM $AFF2 ;]ORr B WEAA DIRELTIN R9BASTE

0067 0COW Til1l = AF6;R/W TiMlt 1 IjV~-tA1Uh
0068 00FF TlINI = AF7;R-' IER 1 flICU LAT(N
0069 ooo-' ; W-TINI'XI I 1 I.GH LATCH PORSE'r IRQ FLAG
(iO070 '' Ti I112 $AFF4 ;R-TIMER 1 ILV~ QJJNUE - RiETE IRLQ FLAG

X / Dot,,W-TLMR IGHM IATH

*076 N01', STA10i NEW TIM,: LN,1'ERVAL - RESE T IIRQ FLAG

(0)/8 Ooi'F T2LL $AFF9 IZ-TIMER 2 L(V (XUNFER -R1ESh- IRQ FLAG
(079 (0l.' , ;W---rLMER 2 UJM Lm'f~l
COO O Rlwr M T2I ;A&I'9 ;R-TIMER 2 H1(11 C(JJNI'E

~82 0014 ,A0 W- TIMER' H2G CUVJNI'E
~i~ j~ j' ~ liI, ; T IM K ! 2 R E Ml A I A C l - Tiff2 L l ( J ~

405 W) i SIVU'RC -$A1,A ;SIiII'i RILISTER ADIRESS
i~t6 Ki"1 FU - Phl[I i'IAL ONTRO1L 1VISTER

~.' I - P; UMRM-!ltT! FlAG RiUI2IS'I'ER

(I'0019 ~ ~ '" Nt)N1'IU LINKS kkd

0092 0014' ACIA = aXO)()
03 00FFI. MS(W/J X :600

I 04 001,i- HI IR =CI

0(Y '' I .'I1 '=$IYI50 MA

0 14 )AI' RIMIM l C;E. SEI EBVR)HT

0101 001'V ~~~~\PA =1/A ";IU)! UBL OT S]NIf'

0107 00FF PAIN = $B1AH ;SE7TU PA BUBBLE PO~r AS UTUT
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PIIYSIt)LLXIIAL UMI ACQUISIT .... PAGE 0003

LINE # UIIX CXDF LINE

0109 00FF PBIN = $B7C6 ;S~rPB UBME PORT AS INUI
0110 00FF PBOUT =$B7C2 ;SEr PB BUBBLE POR~T AS (UTR71'S
0il1 00FF wxTUB- $B731) ;WAIfr FOR SYSTEM UBLE NOT 13JSY
011? 00FF SEND -SB17X ;SEIM A caJINM TO SYSTE 1WUiRLE AND WAIT kW* A
0113 00rfF PBI() = B7G8 ;B I' OT NFIr OR cUTPUTr AcCO)m To X)
OL14 00FF LRA - $B8O1 ;SYSTI:m BUBRI.E OLW47ROL R['11Z A
(ii1 )()i-i"PA = i*B0 ; II.lU A'C A
0 . 6ib !,, ills~ =I !.B802 B UfliBI' JK U' h

0118 00FF IhL $CO;INMI7 BUFJ,4R OF 256 LOCATIONS
01.19 00FFY RHJ =$BCOO ;(XYRAT RUFFER3 OF 256 LOCATIONS
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PHYSIOIXlICAL UME ALXQUISIT .... PAG~E 0004

LINE # LOc CO)DE LINE

0121 O0M' ****** THIS IS IHlE STAT OF Mh PROGRAM
01212 OOF PR(2RA.M STARI'b WITH4 KEY6

0124 OOEE $C11
0125 Uil I 4C 00 02 JMPf RJS.ElT ;SET KEY6 TO S"AT PROGRAM

011 G4 14 ="0
0 IB 02(X) 7K RESET S E ;N7UVIA, Z-t SYSTEM1 AFTER Rl!E:1
0 [2 1 0'10 I K D8CIJ)
W!11) 02102 A2 bl' .0>' '
0['11 ()?Wt 9A ;SKI' UP SYSTIf SWXI
0 02 020, ..( I~I1 05 I sP I %, IT ;)I) SYSTIhN ENI'I.?rlION
9Lii 1! 1 EC 05 MESU!''F , )) SY'-7'hNl SKl lS

0 I'A (02011 A9 00 SE'TUP IJIA i <ItCl INITIALIZES IMUN PARAME11S OR JJJMPS BUBJB.
W300 0200 20) ED 05 19< -W~r ;OirlnqfY 11)c 'mUT
W137 011') 20 1,V 05) 250I GlPIAL ;!,7i A QiERA47iLR PF(} THE CRT
01,18 0-,! 1 C9 4Z# (7w )

'j4/ , 0?: / 14C CD) 05 J101i II?

4 1 A 0 414 SJ I2 (%-I' i'
(L? '!C ~ O(E:hU ;IF NOTl 'D' OR '1' ID111 ASK "fi'IN

01,2h C': 0 (1 06 sE 1 j8 s!RIJ ;(l'JTW A CARRAGERIUN 1 X

0J140 022 4 A9 IC OINPRM IJV\ iqW mju3
Ottl7 022?6 210 ED) 05 isO. NBAJT '(ViN WE MEMlOD"

148 0221) A9 2? 1,V N
0!(49 ' 1 1 0 1 !) 05 r 3dt'
(0 I '" 10o 0::( 1 06 J)~r'
01,4 02- 20 1~ ?b 1- (OIINI JF,', 0-7IVA!. ;GET' AcTIVE (MINNEL, VALUE

W.,0, . (2 9 0f) (2,11!' 1301) ;TES-'T H)R CR
WO 24t ''0 Q1 00 !'Rm ;J!RANi '10) GET POKT PARAMETER

(0 4 I'S 20 011 (k )ll ' 1/X ;(?IAG' 'A' 'Rx) A 111,7 VAWJJE

IV,:' ,A '7A1L ;SF UP INDLX 'X'
1- o': AY (14 1.'l C

O80'40o 20~ 11I 06 1 I,' S IACES ;0U~YFPU T 'A' SPACES TO~1 CRT
01 "g 0:14 2 '0 11., 06 iso1! GIIKX2 ;RPAD IN FR(W CR 140 CHARACT ERS - H EX IN 'A'

01W) I1:,1j0, ) i) I I Sl'A CKA'fl',X ;S.,AVF 1111-S RAVEF VALUE,
(Pl~ (1'10 A') OA lila f I

(Ot r(l($ .0)9kOI' Y'Acl-S,
,() 'l 1(I 0) .15.. 1 .OVAI.

1614 0:"l 0)(/ AN) i ;l.ICE WIWIO) NIW) RANGE
0lh 1 ')23~ 90 1/D I I l;IA M'!'0&E, X ;07~l AND SAVE 01NNEL, SAMPLING MOD
W tit) 01')h 20 01 oh ()f)Yi (JOY
i0 ,/ i 2', ) 4f 0 ( 1'2 .701!I 0110 ;GET' A.N01111-Ji (ThNWI. PARAMETER SET

0 09 02Y(: A9 I C PRTPmmH # IJMX ZJi3
(0170 f )2 W, 20 Ii1) 0'1 Jsiz I'Vyjr I 'ENTE
01/ 1 111'tl A4 14 1 I
'Ii 01f I1 20 1:!)0 I S!! , A ' ;'ANT], IVP RATE'



PIIYSMILOGICAL LIATA AOQUISIT ...... PACE 0005

IINE # W3C WDE LINE

0173 026i) 20 03 06 JSR (MY
0174 0269 20 F: 05 PRT1 JSR GF.WAL
0'75 020C (9 01) owL PO
W'7 02 0 ],)1 ,WII iwv,[
017/ 0"2/0 29 0, AN, P$3
W /8 2/2 \.\ fA. ;SCAL.E PORT INDEX VALUE

I -U , I/ A9 (1A I,^, ilo

l )-,ll 0 7I, -,1 ) 11 06 .8! L';PACES
0 / 2( !.' 06 .8 ma t0.'2 ;READ CRT TWICE -> I{X 'A

')1) 10 1! I'IA I X SAVE POT RAT

1. i ti-,.i. 20 ()1 (0 J S; 1 C Y

, C'/ I,'69 C02 J.l' (d' ;GO GET ANIIEtR PRT PfARAWM SET

0)86 02M' 20 03 06 MOK(1 JSR CR!F
0 0[7 (28W 20 0(0 0') JSR AC1T ;SRT ACI'[VE ANW OG & DIGITAL ChANES
( ',88 (0M.' A9 99 . ',.G8

I' ~ii21l: EL05 'xtT

~1 0 ' ALI 21i I<LJ A
" 9 2:, 20 171) 05 .si. .M' ; Y'

1,92 (P94 A6 I* !K N . I[f,
9i] 3 02' it) *10 21 R"! 41,'.(h

('4(w 02 20 (1 06 MOK2 .Y8 i R!8- ;LIST ACTIVE (HAN'S

I 1$ ) 12]'} ( 7 ' l' :L ";'J 1; ),

Tri/ U:'';'20 IF 06 0 8 I I' 1X
0' , 'A2 A'9 ()" ! il}f

i('j. O'h 1 1 06 !;MF8
218.c A!' . .: L! 10 .' NT'A P,' X

I(f1 ''\ 2) I 06 .: (1-'''06J

S.21 ( U (A L ',!8 O ,

20/ C. (Ii. { ILl pil'), IAK,2

(209 (1,Wi' 20 0 06 ,K6 .1S , CIY ;LIST ACTIVE PORTS
0? ( 10I ( "t : ,A"l 9(1 MX\ { ;<

(I 'i ! l, 'Il E D) 1 05 PJR r.t;( 1rl

0( i. 05 1-Il 'l-(1I 'w '
( A (I11 .liX ; 1 iN,1:

'; f, ¢< ? i'1 ) 06 MDK cw 1.!,
0"t )" !

'
I t I,' !. it\ I 'l~~v,X

'( 1li! 29IL0N ;RWLJE Wl'l RA5E
,] I' { Al: lt 11(1 8I ,N l / I"}R " 11€

02:' ' - '0 IF 06 .L-8 ,A .E,
(' ' ''11' W, ll (L i liP, UU ,X

'. 'I n'

7



PHIYSIOLOGICAL D~ATA ACQUISIT .... PAG~E 0006

LINM # LW', WOD LINE

0227 02E4 A9 4B 141(5 LUk #q G5
022 8 0 2M 20 03 06 JSR CRLF
02219 02F9 20 El) 05 JSH. W&UT , VM.llN-V CIVME-C CK-K'
0210 02k: 20 0 JSR CE1VAL

U-12 1,k 1 !0 91 ""a~~'K
(2) 1 (0YV) c9 03 (Y p? /,c

02021." IX) (nNE r IX4
2W 02.'! 4C( 21 02 11M.1 s F."

(): 1 0 L'IA CI) 08 Nfl4 (,:i i,
(1'. 2!A: 1)(1 1-1, 129;, !4K5

01239 020,m: A14 hF 1 I\ hA~
-0240 (V;IX-) 20 [,9! 05 IJS r(MT ;'WAIT - BUBIILE 1NJTIALITON'

b)41 ('0, 20 P~) 06 JISR 1L ;WRIT HEADER IiNOHMM'ION TO BUBBLE,
(11;' M) A9M 82 (A;'INITJ LZTION GXX~alET'E - IUE DM~4 SYSTLI1{

014.9~~ 2(M:UK117 J3 PI ;WAJT mbR 'sPACf., BfORE MISSION

UVI

0,vW if) fI1I



IP1YS10LOG1ICA IATA ALQUISIT .... PAGE 0007

LINE # tiDC WITE LINE

0250 0315 20 71 06 MILSSN JSR RDNM11 ;READ B1.BBLE HEADER FOR RNpARA~fa'E
0251 0318 20 ii0 06 MSP RINIT ;INMTALAZE PO)If'ER, (lJNT'RS, TA11L1S, ETIC.
0252 03Ml A6 06 LOX N(a1N1S ;GE-T 0,ANNE Mt EXD
02.5i (Y 30 l 41 RLSSNI 1!-~ MULSN2

62Y) 0 1' A9 00 '\d
0: 0124 LJ5 36 31% C-!iK91R, X ;ZW2O ANAJJX MIAN' MFSET

(025/ W02t 95I- /h~l sSA oviN1rX ;7iERf DELTA TIME ("MN

U2)032H1 20 12 06 Jsit TIMER~S
016(l 4323 m 11j4 iix olANL.s,X ;I{IA 151' VALUE OF ANAIIX3 tCANNEL X~'
110t, 0)!w 491) )00f A"5

~ ~';09 A ~ NIA 1 73 ;SIR' AID (X)NVRS ION

xi 11 r~ iS 00! Ml- !SN5

I'! ~ ~\ 3\ 'T~3VALX ;SlE L1J{R.W VALUE
I) *'~)95 )A IA I. VL,

3'I '~ 97 24 :T13 (fXN'V ,X ;SETf TMfy (.XINIrERS
/'' 1 20 M N) OA I!<i ;A1RA1 J.E 1ST HU)XX THIS ANALOG (11AN

0/4 O9d MI A Y

I ,, A:, 1M fl NEWI1iJ(
( "' ,I 'i5 A 53, ("940') x ;SET UP IST UaJJ( PIM'N7MES

/1. : P+A:),' X

W) 113 A 2! I')J~ ZIO START TIM,

0) f, 0A Y;'Rl '~ ;WRM-E (MANNEL Ifl JER To RAM BUFR AREA 'X'
* "* C ~ 94 ;AT '")DX~1JIPY ]NIDE R 1jJ.rEj

'ip,( Rill I P13 I9 ISSN!

0'29? (ft)A At 0/ I USSN2 1AW NJIR'i
~!I03'3) 0 NfSSN3 I IM I PTSS~

I 09; ''/')0)' 11!3'I l)j'I1 ~X ;Zh2[O DIGIT l. POINTE OFFSE'

20 01 ill OA OAr A!; A

I')f-/! 0 A I NA

0 vy' 'l'p A" I ) 1.1 R NEWIIIIR ;SET [TI. W3IXI( JINTGH
jI(~1 ''</9P 99 119 1 1 1i A( ('TI,Y

'0 , C' , I' W)1 i 11 t'A PlW(ADD,Y
0) 909 A') I1 1.l' Noqugi-

7 3



PHYSIOLOJGICAL [IA AOJISrT ...... PAGE 0008

LINE # LOC WDDE LINE

0304 0383 99 4A 11 STA CPMK+1,Y
0305 0386 99 42 ii STA PBFADD+T,Y
0306 0389 8A lXA
030/ 03hA 09 10 (VA #$IO
0308 0,8(C 8]) 34 11 S'A SAVFX
0309 038F. 20 63 0A JSR 1 hWeiR ;WRITE POT HEADER TO RAM BUFFER AREA "X"
(0310 0392 Qs 4YA
03!! 039 1 )D 51 11 SiLA PBKI-1R,X
03.12 rj?.96 (A D1IX
031.3 03'9/ 10 D3 Wg, MLSSN3

0315 0399 A9 00 HISSN4 hLA A)
0316 039B 85 0C 31A Blusy
0317 03,m 20 72 06 JSR 11Jh8l ;START TIMER FQR MISSION JN
03t8 01A0 '8 C LL
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FIIYSI~xacAL W1Ah AMMUIIT .... PAGE 0009

LINE # 11)0 C~tE LIME

0320 03A1 MAiN LOOP Of PROGRAM ****

0322 03A1 A9 20 MU2N LDA 1/%00100000 ;CIIEkK FDR WUFTT31 80% FULL
0-323 OWA 24 00 BIT BBUSY
0324f 03kz. DO1 OA MNE MATMh
0312' 0'iN/7 30 H8!IfNN UY
03,26 0"W) 50 0) IVC MAIN ;POmE}T
(3'.)? OA '10 ) 07 JSR WM ;YE
03-18 03A1- 4(: Af 03 JMP YWA1 ;.NO

0110 031Q ')0 (V4 MhIN6 BVC MAIi ;BRANUI HUBHLE$NYff P(J.ERE
031 011 V0 30 IY W-11 MA LJN ;IsRA(11 BUBBLE BUSY
0332 W0ill' 10 03 11')L MAIN? ;A114AYS SKIP NEXrTINs'xMCrION
i3i viwv '10 91) 07 MAINI ,3 Is (U R ;W Ix 11Y4ER UP ~EBUBBLE

03( Vi 0 A A9 HU M~N? L11% fI 1100000 ;SE'1'PJE{J BUSY, & 80%/
((336) i:,A: 85 ((CI \ U flY
O'33i7 0,i 11- N, C,( 1jix NCH!NI S ;IN'I'ERS 'IT TOP OF 1111S LUKE! LiST-)

3pTi 0(1 "h MAIN3 !J~ AP l. :Y 1 PLV'TE B(HJSY FIAG

SIA 1 ,! JY ;

I ~ ~~~ Y91 >!>ak N

W.1 , 0 17! I A IlT+<

z 7!; :I 5A 00 J C'FA),

1(5 (1) 1 A 20 Hl) GA J!'R WIM31.' ;PrT ANAIIX CLAN L~I(KEI) LIST IN BUBBLE

03156 031)1- 10 WX K111, MAIN3

( )' V8 031K) A6 01 MAI4 IDX Nllknx, ;fRrl' PO)I' IWAE TLST IN BUBBLE
(0T-9 O)K2 A) OC MAIN5 IJX I HUmSY
()00 0)( 2-f-l9 PD AN ) F

V36 0()1 85 0C; 53A 111(USY
0162 (Olli A INYA

()% h( l K't9 V) 19 TI 11 MAIN
( 1)64 ((1FAB 09 10 1 (A P ';10
f ,1') Cjv.)j WJ (X: I x A (0V(3Y
(H66 (3)'85 (KC ')'A IWUSY

0368 0((' A ASI, A
(UM i Kw A8 TPAY
(n/ 10 ' !W 41 11 L((A\ ('BFAI)D,Y
rfn/1 I '/ V WA STA 0RFA

1, Ji Vth i."W 42- 11 IJA~ PRFADI* I , Y
j I 1 R: W) 0IX SIA (0(UO0A+l



IIIYSIOLOGICAL DATA ACXQISIT ...PAGE 0010

LMNE # LOC (XDE LINE

0375 03FE 20 FO OA JSI( BUBBLE ;PUT PRT LINKE LIST IN BUBBEU

0377 0401 CA DO(
0378 0402 10 DE BPL MhJI'5

0380 0404 A9 02 RUAN 7 IT BIHJSY ;R1!E]r BUBbLE BUSY FLAG
0381 0406 29 60 A4N!) iP/.01100000
0382 0408 M~ 0(2 SA WiUlsy

0384 040A AD 00 00 I-A MAEL
03M~ 0101) 29 01 AND i I
0386 001 I') 901 l1 III&LN
0187 01.1l /8
O'88 0)4!2 Al) 01i CO I JA A(CJA+l
(YA # o4~ 3c9 II (28 4I $111
0390(fi 14 90I 03 IwI; MAV fN8
O"MI W 04( 4(2 K)F (9 JmPl 4 IN ITR
(09'. 04 c nAIN8 ;TN~iIBIT IN] IJPTS
C)(,l> 64 1 ') 9 h.Ai 'G
(),9 04,W Yl1.,; 20 El) 0.5 J'SR M:104 in,
()93c 04 Al-) 0) CO MAJN9 IlA ACLA
0'00 04"4 29 01 AND fl

Oz J,9 04 -1 I) !.,) l J WONk9
03)8i (Vt.28 20 01 06 119? QOYl
1 1 ),IWl V:'. BP CI. IEAL hJMFR1~P1'
NO() 614,' /0 At 03 SNIP MAll']
0/911I '142') EW\Pl'I -> ) TM WtNJI1M
(VA 11 0)42 F SPICE --- > OP/S'IARL MISSION
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P{YSLOGICAL DATA AOQUISIT ...... PAGE 0011

LINE # LOC O(XDE LINIE

0404 042F ITRQ ;6840 INrERVAL TIMER IRL HANER
0W )5 042F AD E9 AF ILIA TML2 ;READ STATUS
0106 0432 49 F' BOR #$FF
O0/ 0434 10 04 BPI. IT[RQI ;NO IRQ HERE
0108 0430 OA ROR A
0409 042/l Owk Wk A ;(]IECX TIMER 2
041) 04',8 130 02 R; .1T7112

04.12 043A 68 rI1RI PA ;R1IURE. 'A'
0413 0436 4 rTi

0415 043C A9 01 fIIMR2 LLA #1 ;40 WORD TIME IRQ
0416 043E HD 3A 11 SIM ugkLG
0417 OI 49 ,'F i'R 4 ,$F"
(V 18 0410 8!) P AF S!IA T1YD113
04.19 0/Y4 6i8 PIA
1)420 0W44/ 44) R4(

0422 0448 DIGIQ ;THE DIGITAL IRQ MANELER GOES HRE.
0423 0448 ;IT WILL (1iE(< WHI(I DIGITAL (HANNEL
0424 0448 ;CAUSED TE IRQ, READ, AN) SAVE TIE DATA

0426 048 4C2 2F 04 JMP ITIRQ ;SEE IF ]ITRVAL TIMER I
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HMYSOUflGICAL InM AOQMUIT.. PA(Z 0012

LINE # IAJC (flOE LMN

0428 044B ,.* RIEWIS MUST CXINSIDER THAT DATA BUS IS INVERTED*

0430 044B 48 VIAIM IA ,TIMMMPRT FR(?4 Mh VERSATILE ITERFACE AID2MK
0431 04f4C A9 20 UIA #t%O0100000 ;SAVI- 'A' TI*N atE(X WHiOL CAIJsmI DnmwI~Fr
04312 (Y4E 2C FD) AF IT 1YR
04i33 0051 IX) 21 tN VIA] ;i BRANGI IF' N~fl TIMER I
0434'V 014ry 49 FlI.IX
0435V NfY) 80 FD) AF Pt'I
(Vi4V 045?- A) 0-'1V ;i
(V6 / 045'A 49 I
tvl38 twi4 89! 1-) AF' !+1A T1114' ENABLE (XJJNT
0'439 045 F !:!, 1-t 10 IM: (flkx(
0410) \iV. ) 1D f' 10 11:A (2/iX ;C!IEC FOR STOP-TIMIE
0441 (vtoh (1) FA !0 O- > S'ITOV'L'
(4442, 0104 90 (M NT:) V IA4
0144) (4tA AD 1)0.Ilk z~-1 ;'S'flW-TIME'
01,4 020)c. mii vP9 10 STA 1V

044 / (Y4/2 08 VIA4 PI.A
0-448 0413 40 I

04'9 04/4 5)0 OA VIA] 8\RC TIME1 ;BRANCII IF TIERI
(404') /6VfI A9 02 ViA2 IJAX il70Y)0O01O
(V6?~ (44/N 2C: 11) AV 111'r 1 YR
(v; '3 iv4,'I It) 4 161 w-' 'lw ;ILRANI IF EN) OF CONVERSION IIRQ
414 0(4 / 4c "4, 04 VIA-3 .JMP1 DIC LRq, ;SIIY IF IIM'AL [RQ

(V#56 W4N) A9 40 7h1 1 Iilk\417.0 1 (i)o0
04+57 01,K 49 Fl; 14' /13

',8 1)44 l, 1-1) AF" S11% I- ;CIJ'ITllERI WR FLAG
04',9 14/ 'W8 'IYSAVI; 'Y' & 'X'

.,1 fV",89 8 A TYA
046 ,2 (YP8A ig 148 1~A

(Wt4l4 041il Ah 06 lON WUims ;SIT 1111 INI*J( 'X'
('4,W) (wd4l Y) 01 7 r)r

VOt-h (445% 1W15 24 TUL(r !')". (YIIIV,X
0/0",, 1 (vil 1 1-1) 09 'II1T(MI'2
(V4448 049 YI A I(rl I

VI, 1i4 II0 F9 81',Ic

(4l/l 01,11 AAk 'AX
(4/12 (WO498 111 'A
WU /i '4'A8'lAY

(Y174 (0)'A 1,1 Ili A
('47,) (0M 410 R

04/7 049C 24 08 T=X' JiwT ADBISY
04W8 0149E 10 01) f'll T(NI'3 ;GO START AID (XiIMSI0N
0479 04A01 A9 80 ln)A #1710000000

7 8



PHYSILGICAL IATA AOQUISIT ...... PAGE 0013

LINE # LOC ODE LINE

0480 04A2 15 14 (CRA C}ANIS,X ;SET NEED A/C CONVERSION FLAG MIS CHANNEL0481 04A4 95 14 STA (JAANiS,X
0482 0A6 IRD R; 10 TC f4 LIA G 0UNP,X
043 0(49 95 24 SIA COUNV,X ;RESE r M COMER T CIANNEL
04M 0v~v4 DO Eh LaN Tcvr

0486 01A 8A =NV3 XA
0487 04AE 09 80 Mla #70000000
W. 8 041 0 85 08 SIA ADIS3SY ;ShT BUSY FlAG
(v89 04.2 B5 14 UJA (IIANLS,X ;START A/D THIS CHANNEL
0490 0l484 49 1T' o-LA !$vv0149! 04t, KI 1,) AF M-'IA ")KIlI ;5LART A/D OONVERS10N0492 041) 20 E[8 07 JSR 8W1IL M ;SAVE 'IME TIM: OF (X)NVE ION FOR THIS CHANNEL0493 041: 20 06 08 JSR RD)TII
(494 04F I. A6 04 J,' 'INCW4
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PISIIICAL DATrA ACIQUIT .... PAGE 0014

LINE # LOC (X)DE LINE

0496 04(2 END OF A/D CX)NVERSION WNERRUPT

0498 04,C2 98 FX)CIRQ I YA ;SAVE 'Y' AND oX
0499 O/C3 48 IIIA

0501 0405 18 INA
(N02 0/0) A) 08 LLWA ADBUSY
W0)03 04C~i 8 r 46 "NA KEPNDXW ;SAVE ITJR LATER USE
0'.0(4 04cA '29 OF ANID #$OF
050') 0i40: AA I'11%1 ;G17~ A/D Q)NVERION RiIE 'X
MOO 0(*1) Al) F1 A]? 1.1 \ iI)KRA ;0Er AID VALUE%

0"08 0341)2 , ') CA M'VA 11VAL, X

( ' 0 04iLR Ki 14 IM] 1 'Th\Nl-S,X ;SEE IF ANY (JIANNES NEED A/D SERVICE
oI ol1408 i0 0yj Ilk, f H2 ;CAI) STrART A/D1 (XWNERS ION

0,!, 0491! 10F i 1,LA~

0')1P 041o A9 WX I.!A P(O
0,A6 04sf! W) 08 S;!A ADI3USY ;CL1 AR A/D WINY

I~{ 0.'!; 1 1!, NlI'! D)x;3 ;,AI.WAYS - WO SERVICE [DA

0519 04k, 1) IF R~)C2 AN)) /l$71, ;CLEAR A/D Rli)IJEST FlALG
0)120 04:5' 9h 14 ,-A (21AN15,X

052 .2 L4: fp I -) AF ! !IKVil ;)STAR A/D (X)NVERSION
Y'2 "'1" . 07 R'! NIVI ;SAVW flIS CONVI'iSONS SAMPL Tilt

(0'( 041 6A OlA ;SET UP ADWISY HlAG
('2104) 'K~) I OO /~ (XOO

ol~:') (V,' '0 1 08 l{)3 J;', :2KEP ;D)EMINE IF TO KEEP' MhIS IKTA - USES 'KEPNIX

01) 1)0)1. A lSUEX N
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PHYSIOLOGICAL WY~A AL1XQIISIT ...... PAGE 0015

LINE # tL0C CODE LINE

0537 0500 **~****SUBR(UNES 
****

0539 0500 ACTIV ;SWR ACTIVE ANAJX & DIGITAL CHANS10541 0500 AO) 00 LDY #);A0LS F CIEQALI0542 0502 A2 OF U1X #115;MKLITOACVEGqf.
0543 054, LHD 51D 11 ACTlV4 LDA tiRATE,x
0544f 0507 F) OEr
0545 0%09 99 P- 10 d~~APV

OlffS'I rn f)7f1 cXJJNPy ;SVE amXJN0547 5~ l)I l 114~ 1OHCII:,x054 0501' 99 6D J1 S'IA NE~I oD-,y0548 0512 8A MIXA
())49 O, Ii 399 14 00 MA UQIANLS y
()'51 05i/ (:A ACTIV5 L

161,k 8 s M~i ~ 1, ACTIV4 ;BUAMoH IF NOT' DOW
(54'S08.06 ,SlY WKINS ;SAVE JUMEI OF ACTIVE Qa)JN'Is

()5)/ (5H iA) 03 LO MAK1E A LIST OF AC IVE po RTS~~h5I 050 AO00uy P0tHY4 0'!ID59Ii A~r1V6 !Uy, )IORTBF,X
y, ~ ~ ~ ~ Os311' AC1'V7 ;BMJ'Ju-1 TF PoRr NMT ACTIVE

M< Wc, ;%% iA JO ! T,Y ;SAVE POKf JNJ*X(

~,* 11 ~I.ACTIV6S ; BRAN(jlj IN N QI, DONE

';'P NloRls ;SAVE NUM0?L OF ACTIVE PORTS
/01~ W , 4 1 AV 1 2 \ ;S IR T A C! IV I:' IJA N * _] S

f 6I /4 49V CIIV

W)~ '5!,11 10 AL IV jiW 'flI
I',,)IS AFlC 10 ;AJM,' ACII lANE BPW

ACT VS' ;B90l IF 
0ES 

'MAA OR klJNI'p

l'WQ2 OY~i ID hOIIIAX171 O

OW ~ (i~ p w 0 61) 1 0 SIA A ll-N P

(11)89 (11)(2 9f) ()h 1! I 17-101590 (1156, AD) i,.? i oI SI'~A i [
051(N5,8 ,' 0, of S!A 41*1]1(I),_Y
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PHyS10L)GICAL IWA AOQUISIT ...PG 0016

LINE # LMJ cum~1 LINE

0593 056B B5 14 UA QmALsX
0594 0560 8D E7 10 SAA ThFtP
0595 0570 B9 14 00 NAy IANLSy
0596 0573 45 14 SIA UWANUS,X ;EQiANM 'llSE
0597 057") AD E7 10 UA Afl'14P
0598 0578 99 14, 00 ',-,A (IANLS1Y
01599. OWKt A9 I'll jui #!Yi
0000 05h 80) E; 10 51A AVIi,!fP ;SEr FLAG SM9MV~ DM(C11tE OCOJRF2
0601I 080 (A ACTIV3 DEX

W- 01 82 o ich, AC1'1V2 ;BMCII.~ IF NOT DOWE MIS TIM'

0604 05M' Al) F7 10 fTJM AP'P

0608 0589 A9 00 ACTIV9 I JA 4l O
0609 (35L I Al M) M SmYA;IN
01610 05 -;:E A6 07 NIRS
Old] 0Y') A4 07 LYNPO!(rs
6.12 059)z M
0613 01,1. 130 3/ MJI A~f I.V8

06[5 0595 W) 55 11 AGI7IVA I IWMATEX
0616 0M98 D9 55 11 nwr'pRA'hY
0617 0591' 90 2h ~ W-'I ACTTVH

cl619 OYAb 811 F/ 10 !M AMI'

(X)22 OM AD) f'- 10 (116A !}749"
(1)'13 01)\M 10 1 (A JIZA1:, Y

u64 'A; ~A ';IA 16 I ITh,X

(~U ~ I!./ 10 UAi At'1H

ofOO P) 17$wr
1, 0,1 1 XII1~ 10 si 1A7,fI

(0)'12 (l1 ') i (A ACTTVB 1AiX

i (I14 A (60 15 0 GE !Ill ACT IVA
06V (16W1  X)~ E /!I 10 1 J A A11,741
(ib (A lIV 111 1141: AC! 1 v9

Wx X,' I5. 60) ACTTV8 I~f
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HYSIOLOGICAL IWLA AOQlXIJSIT ... PAGE 0017

LINE # 1I)C (fluE LINE

0639 050) 4C FO C9 DUMP JM H)NIIX ;1mP BUBBLE

0641 051)0 INLT ;INITIALIZE THE SYSTEM AFrffi REET
0642 051)0 A9 4B LUA #<VIAIR ;SE'r UP llRQ SYSTEN-65 VECTR~l
0643 05D2 8D) 10 C4 31A $C411)
064 051)5 A9 04 IAA #>VfAIRQ
0645 05D)7 8) 1 K (A S1A ',iC41!L

0647 050A A9 00 hA Pl0 ;STO)P ALL T~hER IRQ'S
0648 05W 49 FF vYC ,$.FF
0649 05L)!- 8D1)-1, AF S'iA Ult ;DISABLE VIA IRLQ
0650 04iH A9) 01 Jm
4)51 0513 49 IV )($F
06')2 OSES 81) '-9 AF wiA ThL2 ;DISABLEF I1'WEVAL TIM~ER IRQ
0653 05$,, 8D 1,; AF S'IA 'fTL13

0655 051-l 60 VUPS

0657 05EC 60 SLFTST RTS ;DO SYSTEM SLETES

0659 05U) 20 03 06 MSGC(M[ JSR CRLF ;(T A MESSAGE - ZERO PAGE ADMESS IS IN
0660 OSFO 8D 06 C6 MSA)l STA $C60
6661 0'W3 A9 10 Ui\ J,!>msc
N)62 01,') 81) 07 C6 SIA t;C607
0663 05 0 '0 39) Di JSR RKflP ;MDI'IMU RKEP SULJRTINE
0664 0;00

066 OWi GLIVAL ;GEIS A VALM UE 1{1 CRT AMJ1 IN 'A'
*066/ 051-l 20 1C DIi JSR READ ,r4*IR~ 'Th SUBRCUTINE

4)68 rwl- 20 Ci I02 JSR CUTPIUr
(k)69 NW4) 60 VUPS

(X)11 0603 CRLF ;(Xy-frh7VS A (ARRIALE REIMR & LINE FEEDl TO CRT
(672 0003 48 111A
0673 Cw664 8A TXA
0674 (001 48 ti LA

(075 C),06 20) Fl DO JSR CR1IJ ;NIl1U CRMM SUBR(1JTIE
oo/ 1),v4 IIIP A

(4)/l (t6OA AAfA
0679/8 Wilt80)8 19 A
0679 ()(3(K (4 r

0681 06011) TOFUI ;C2IANES 'A' IN ASKTI TO A HEX VAIJJE IN 'A'
0682 0000 20 060D3 JSR HEX ;?4lTRMh SUBR(UTIM
0683 0610O 60

8 J



PHYSICLLLICAL IATA AOQUISIT ...... PACE 0018

LINE # LOC CODE LINE

0685 0611 SPACTS ;UTJTM 'A' SPACES TO CRT
0686 0611 8D 37 11 STA SCr
0687 0614 A9 20 SPI LIA #$20
0688 0616 20 c£ 1)2 JSR (SPYlJT ;t4Ig1TOR SUBRLTJrINE
0689 0619 CE 37 11 DEC SQ'r
06 0601c 60 IL,

0693 061F (iEX2 ;READs Tw (ARACrERS FR(? CRT -> HEX iN A"
0694 061 F 20 DC DI JSR IAD ; MT READ SUBRUmflINE
0695 0622 20 C1 D2 JSR (tfPILJT
0696 O(2l 20 06 03 JSR IFX ;IvNIIT(R 1tFX SUBROUTINE
('697 0628 20 50 3 JSR IT ; DN7CITOR T SUBR(JTINE
0(98 006B 29 o) !$ ,,)
(w,99 062) 8L 37 11 S'IA S(WE
07(0 0630 20 LC D,' JSR R )D ;W1N.U1WiR READ SUBRJrINE
(,/01 0 0 1 '20 C[ D2 JER lITrUT
Io2 06136 'l 06 D) l'N HYI ;JNIT HE SUBROUTINE

u/03 063,9 29 0F AND f.-$OF
07(4 (638 ODi 7 11 (kA SC([
0705 061 1 60 IM

0707 0631 (LIIIEX ;OIrwS TO CRT ME IEX VAIUE OF THE A
01708 063F 20 (Z D2 JSR NUM ;WU'ITUR SUBR(JINE
0/09 0642 60 Rh

0711 0643 lJBLL) ;I.NITIPALZES BUBBLE & RAM BUFYR
0712 0643 ;SJMPLE RIUrINE TO ZERO BUFFER

0714 063 LOC $6
0715 W6 AD IF 11 IJ BUFFER
07L6 0646, 85 06 SIA ],('
071.7 068 AD 20 11 IJYA BUFFER+I
0718 064B 85 07 SIA LIW+I
071.9 (bVd) A2 00 1JUX 4/0

0121 (I," ;ZEO (NSEXMTIVE MRY IXlATIONS
0722 064' A9 00 uIOP 1,1 A/$0
0723 0' 81 06 SIA (iC,X)

072 0653 ;INCFI*' OINIfg "IMC"
0726 (W651 A5 06 UJA "X;
0727 06'5 18 C!,C
072 06%6 69 0! AINV # 1
(121 06'8) W5 00 SNA IM,
()"TO 00A A' 07 111A 1 L('41
0OD1 65C W9 00 AIy: 1k)
0132 (6E 8 07 SIA IO(:+I

0734 (W ) '1 06 1I11A I f:
0735 (0)2 C9 0(1) (m 4,0

8 4



PHYSIOLOG~ICAL [BM AOUISIT .... PAGE 0019

LINE # WUC (X)DE LINE

0736 0664 DO E9 BNE LOOP
0737 0666 A5 07 LIYA LOC+I
0738 0668i () 1 K 11 (24P LS'ELX+1

a0719 0601' 90 1-'2 Bo2 LoyXI
01A) Oto ) .0 4) wo~Y~lO

7(4 1 Clft-o' 0

0743 0670 60 VAWR RTS ;WRITS BUBBLE HEADER INFU PARA]WEER ETC~.
0744 0671 60 RDB3IDR RlIS ;READS BUBBLE HEADER DhOD & PARAME~TERS

0746 0672 IWMRS ; INITIALIZE. 14)R AID AND) START TIMMR
0747 06 72 ;VIA PO B INPUT - PRT A C[TrJWI'

0/49 Oot72 /8 SEI ;DLSABLE INTER(RUPTS
075O 06/3' A9 8F NY'. 1'100011l 1A' 4 BITS' ARE A/D IAN sELE(T
07Y 1J 06T 49 FF !'m ;IFi' NVFRI Mfl? LATA BUS

'K ,/ O1I W) r*2 Al? 'SIA !JJJIB
C1 6' A9 00 !JA 14)

/ 114 oo'%1 4)j .. 1-1 A?1$FF

'5 /;01 1AS'iD~~ AMAK RINA INPUT

) i (081 A'9 IdI A<011101lA
"')8') (4Fu4'fWWOR ; INVElrF EON LAZA BUS

I~fiI.V AUXlIARWY (X)NTROI RHI INIT LI, 1ZI'
0761'((i' A9 I-A IA/' I. I("mW I

0,~ 1~ 49, II "1) 41)'! ; INVERT FOR IIATA BUS
W) !0 "0 Al? S;'A Al X(71I ;Ti (1F!' ON, PB7 , TI4'_Xt1'IN~UOUS

if,',~ 1'2 cIjj1ET) ily P-R6 , DIWV.! SllIFT WIli.

0161~ 06'~,I ;INI'ERIl'I'I' NAJ AM) PTAIJ IOLII;'lR
()//0 (CPI'w gri o~l (1 (A2 BIT! 4 S1111'T R%'

0/0 Yr 2= C02 0 T! 'F!ME(Lrl

0I/I (W)8F A9 U2 hA //%t I I 00010
('/74 (t0'1 49 Fl? 110E 1$'. ;INVW'I' by* IWIA BUS
0/17') wv 1 81) 1-1) AF SIA ll ;CLFAR JRkQ FLAGS

/'6 F,'hM) Dl Al? ClAI
01/17 .~ A9)E"IA'~~" ;STEAITT IMERS FI)R MISSION

WII' 19 9 fi -i 81)1-AA AlI 21!
(114)l (V,SA) W1) I"') Al? S' l '; '" IC

11 (61 ' x) If,* ! DI: , I'~ w:tIM ;GET sYSill'i I*3fl A '11*
(1/K.' .14) W) 1-1 Al., S A !!,I,



AlO 646 AIR FORCE INST OF TECH WRIGHT-PATTERSON AFB OH SCHOO-ETC F/G 9/~2
AIRCREW INFLISHT PHYVSIOLOGICAL DATA ACQUISITION SYSTEM. LU)
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PMYSIUhJGICAL ID.TA AXJWISIT ...... PAGE 0020

LINE # L0C CX)DE LINE

0788 06B0 RuNrr ;INIT. POINTRS, WUNT7ERS, TABU, ETCJ
0789 06B0 ;***k* WRITE SY'STEM BUBBLE R M-ISTERS
0790 06B0 20 AF B7 JSR PAIN
0791 0613 AD 0088 IDPA
0792 06W% F0 03 Bam RNIT1
0793 06 8 4C 68 B0 JMP $B068 ;SYSTEM ERROR R£I~rNE
0794 06Bt , A9 I4 RUNIT1 LfA #$04 ;LOAD CANCEL (X11MAND
0795 06 iD 20 DC B7 JSR SND])

0797 06WX A9 BY 1Ia #$KF ;LLAD CM RWIISTENS (XMMA
0798 06C2 20 DC 17 JSR SI!ND
0799 06C5 AO 00 iDY A)
03 06C B9 13 11 lJNT2 LEA krn.S-I,Y
0801 O6CA 20 DC 157 JSR SIN'4D
0802 06C!) C"8 INY
0903 06CF C0 09 UPY #9
0N04 06DO 90 F5 BW HJNIT2

0806 06D2 20 AB B7 JSR PAC(YI ;SET UP FDV WRITE TO BUBBLE
0807 06D5 AD 01 B8 IJMCRA
0808 061)8 09 10 aA ?I$!0
0809 06f)A 8D 01 B8 S1A w ;CLEAR I3LSY DETECTOR

0311 06D1) 20 C9 OB JSR LlALL ;LIIW ALL OF BUFFER AREA

0813 06E0 A9 00 IJA #0 ;REEr o:UNmRS
0814 06h 2 8D 0D I STA TUTAL
(615 06 K5 81) OE 11 SA '[OTAL+I
0816 0618 81) OF 11 A TOCAbl2

0818 06KK 8D 31) 11 SIA ( o
0(39 0',1)E 80 F 10 STA C.D(CX
0 20 ( 1 8) ) I SIm SAVEY
0N21 061'4 80 33 H 5T SAVEA
0 122 06F] 81) 31 ; ] S7A B25'N(
0821 OfPA 8') OC STA BIUSY
01824 85 08 STA A)BUSY
(K825 00( 1) IC 11 BStm I A IV*ll
0826 0/01 N) 211. Il 5A NI'WRON
0827 07(/,4 1 2C !I ,'!A N!It.N+I
(N28 P/ 91) X1) 0 SIA NIVR!J!P
0829 0/OA 8o 2: !1 SIA N WU41

,--OF31} 0 P11) 81) 2] 1 ' .!1! 7ri TOtrl'I M

0831 0/1) 181) 98 ] i h 'D I '!.M+I
OSW3 071 i N!) 29 '-. SA 'TP.'ri!
0833 0116 80) 2A .1 5Th TPIi'.+]
0834 0719 81) 21 11 SIA PiT!'IN
08135 0/I1: 81) 2A I 1. S1A PtrrlmwI
0836 /!F 8 !) 21 II SIA I''TM
083 0122 So 221I 1H S'JA l'Ijl),T+I

0839 0725 A9 O0 1dA /o1)80

0840 0727 85 34 SlA ]JUtNTR
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1YI(II¢ICAL DATA AOCJMIT ...... PAG 0021

LINE # LOC 00DE LINE

0841 0729 A9 BC LDA #>lF
0842 072B 85 35 STA POINTR+I

0844 072) A9 w L1h #$FF
0845 072F 8) 3A 11 STA (Y40FIL

0847 0732 AD 3C 11 LA CxNr40+1 ;SET UP INThXVAL TIMER - T2 Fti 40 WMD COUO
0848 0735 49 IF Ea1t #$FF
0849 0737 8D EC AF SIA 'I2CNLF ;WRIrE MSB
0850 07I3A AT) 3B 11 11\ CNr4O
08M 0731) 49 I' HI){ #$F'F
0852 0731' 811Al) AF SIA '1 214JW ;WRITE TIMER 2 LAM
08Yi 0742 A9 K IJA 1.111.00011 ;C(NTIR(L RI 2 - ADIRESS CNM RG 1, CLOQ( T2
0854 0744 49 Y EYAR #$.'v ;T2 - 16 BITS, T2 1- I-SOT, T2 UrrPU ENABLED
085_) 07,R) 81) E9 AF S'IA TL'IL2
0856 0749 A9 01 LIJ #il ;DISABLE ALL MERVAL TIlER IRQ'S
0857 074B 49 04' t #$'F
0858 0741 8D 8 AF SIA 'jrfL13
08)9 07'4) 60 itS

0861 0751 BPWRI1 ;POMl DOWN TIHE BUBBLE TO SAVE LNEICY
0862 0751 ; AND CALMAIE TDE BUBBLE UP
0863 0751 48 PHA
084 0"Ih2 A9 00 LiA I0
0865 0/54 85 OC S'MA BJSY
0806 01% 78 SE1
0861 0157 20 El 07 JSR lIITII'
0868 075A AD 32 11 M1A SAVAA+I
0869 0751) 8D 22 11 SI.A PDFDrlf
0610 0701) AD 31 11 TJA .SVAA
0871 0761 80 21 11 TIA PJ[IFr
0872 0766 58 CLl
0873 0167 38 Sill
0874 0768 !I) 23 11 SP,C PIYTfIM
0875 076B 80 25 11 S'IA "'TIDIF
0876 0761: A) 22 11 IJyA mIUriw+I
0877 0711 ED 24 3.1 SC t 'JT1M+
0878 07Y4 8D 26 11 STA TIMD.IF+I
0879 0717 18 UlC
0880 0778 AD 25 It UlA TIP1IF
088! (T/1 61) 27 11 AW TWI94
OM82 77. 8D 27 11 SfA TPU)TIM
0883 0181 Al) 20 11 UAI Th)IF+1
fOi. 0784 61) 28 11 ADC T!'MTITI
(M5 0787 8!) 28 11 SItA TPUT1M+1
186 078A 18 Cm
(M887 0/811 A9 01 UI) #1
0M8 078 6D 2B 11 ADC NIWRI*N
08$8) 071M) 8!) 211 11 SIA NlWRI
0890 07')3 A9 00 l& /0
(491. 0/95 6!) 2C 11 AIX' N +VR. Di-
0892 0798 AD 2C 11 SlA NPWRDN+I
0813 0)79B 68 MIA
0894 079C 60 I'1
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IPHYSIIIGICAL DM A IT ...... PAGE 0022

LINE # LOC (XE LINE

0896 079D BPWRIP ;POkR UP THE JJBKZ
0897 079D AND CALCLATE TIME DOWN
0898 079D 48 PHA
0899 079E A9 W LA %11000000 ;SEr POWER & BUSY FLAG
0900 07A0 05 OC CRA BHJSY
0901 07A2 85 OC STA BHJSY
0902 07A4 78 SEi
0903 07A5 20 EB 07 JSR RIrII
0904 07AH A) 32 11 IjA SAVAA+I
0905 07A8 80 24 11 SIA Rfriwi+
0906 07AE AD 31 1.1 IIA SAVAA
0907 07!i 81) :i 1.1 STIA Wilt
0908 07'B4 1)8 CLI
0909 071W, 38 SiC
0910 07F,, 1,D 21 11 SBC PIffIM
01.1 0719 81) 25 11 S'[A ''rt4)lF
0912 O7PA2 AD 24 11 IJ.A PIf'ThW
0913 0i 'P FL 22 11 SW1C PtI'hm+1
0914 07(-2 81) 26 1! SIA TIMDIFI-1

0915 07C5' 18 (i
0916 07c6 AD 25 11 U, TIDIF
0917 0/C9 61) 29 11 A!C TIJ)rlM
0918 010: 8O 29 11 S'TA '11.IM
(It9 07CF A) 2A 11 I1A ""l-llpLM+41
0920 0792 fl!) 26 11. V): TLM1)IF+I
0921 0D1u 81) 2A .1I SIA 'Pl [IM+I
0922 078 N 8 C
0923 071) A9 0l IA #1
0).24 071), 6f 21) 11 ADC NPRP
0921) 0/1)it: 81) 21) 13. SIA NINUP
(1926 0lE A9 00 JIA 0
0921 011-3, li 2.E 11 AIX N',PWRIJP+1
0928 07f 81) 2F' 11 S7IA NPW8UP+1
S929 0h9 (,8 VIA

0930 07 lA 60 MTs

0932 070B RTIME ;SAVE TIER VAUES TRIS (XWERSION - USE 'X"
0933 07KB AD Fb AF I.A T21L ;MASTE TIMER WW
09V4 079" AC F9 AF I)Y T21tC
0935 07w! 49 FF EOXR #$FF ;INVERT R)R BUSS
0936 07K3 49 FF FOlt .$EF ;MAKE 2"S (VXLFqW
01)7 0JES I F) (11C
0918 07i 69 01 ADC 4AI
(199 0Y," 8J 31 11 ''IA SAVAA
0914d) 07b'1 98 'YA
0941 0.i7o 49 WV IR #T$F
0942 07FE 49 pyF FOR #$FF
094I Ofy X) 69 00 Ax 7,)
0441 (18W2 81) 32 11 S'IA SAVAA+1
094') 08C5 60 WI'

0947 00 A RYIThI 'IXA
094 0807 OA AS1 A
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PIYSIOW GICAL [DTA AQUISIT ...... PAIGE 0023

LINE # LIC OOE LItE

0949 0808 AS rAY
0950 0809 AD 31 11 1M SAVAA
0951 080C 99 D& 00 STA I{STIM,Y
0952 080F AD 32 11 U.A SAVAA+1
0953 0812 99 DB 00 STA I}TIr -1,Y
0954 0815 F6 4A INC WJXRMX ;INCRD DELTA TIM CUNnR
0955 0817 60 RlnT
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PHYSI(LO)GICL DATA A(XUISIT ...... PAGE 0024

LINE # U)C CODE LINE

0957 0818 KEEP ;DETRIENES IF VALUE SAVED OR TOM AWAY
0958 0818 A5 46 IM KEPNDX ;CHECX MEHOD OF STUtAGE

0960 081A ;BITS 2 1 0 STORAGE HIOD

0962 081A ; 000 MODIFIED VAR. IAWE-1 LSB
0963 081A 00 1 MODIFIED VAR. CHANGE-2 ISB
0964 081A 0 1 0 DEL'fA (NI'WINUOUS-1 LSB
0%5 081A ; 0 1 1 DEL'rA OW)I'fNUOUS-2 LSB
0966 08LA ; ) 0 0 VAR. QIANGEl- tSB
0967 081A 1 0 1 VAR. (rAGE--2 LSB
0968 08.A 1 0 DO NUI SAVE '1S CIANN
0069 08LA I I I I ONfLNUUjS

0971 081A 29 OF AND #$OF
0972 01tC AA TAX
0973 0811) BI) 6D 11 L, ME'1}LOD,X
0974 0820 29 07 AND I/00000111
0971 W22 W0 22 1B4) .C1
0976 08 24 C9 0] (*lpF #I
0971 0,2) 10 22 BNQ MVC2
0978 0828 C9 02 {lP #2
0979 08FA (0 6A BEQ Tim1
0(80 082C C9 (3 C.,P W3
0981 0"E K*) 6A B11) 1rm
0482 08"1) C9 07 (P 47
0983 082 !0 03 BNY" -,4-5
0984 0834 4C 7E 09 JMP (wII'JS
0985 0837 C9 04 (TAP t4
098h 0839 D0 03 BNE *+5
0987 038A /41 1M 08 .JmNP V(N11
0988 OV.3 (0 9 O 5IP #5
1)189 (P1,14) 1)0 (}1 , -14 * 5
099(0 (w,,2 4c "f4 08 JMP V(lM2
(1991 0.'Vi 5 60 Iris

0993 0846 A9 01 MVCl LJA #1 ;MDDIFIED VARIA CHLE E S METIHOD
0994 OW D 02 BRNE 1VC
099' 084A A9 02 MVC2 L" t2
0996 WC 85 ,E MVC S'[A ACIJRCY

0998 084" 20 9E 09 JSR DI)FF ;CALCJIATE DIFFERENCE AND MAGNIlDE

I{(K) 0851 AS 49 IJA MI1IF
1001 08')) WIAA BI KEEP7 ;SE, ILF TIMER OVEX[FOED

100(3 081)5 (C9 08 (74P #08
1004 0857 90 0E PAX, MVC3 ;UIE(X t .Wfl'AIDE (CUT OF RANGE
1005 0859 C9 09 _NP /"9
1006 08)8 90 03 80;: '5
t007 OO81) 4( 76 09 JMP KE1P9
1008 0860 AS 47 IJ,\ V,) tiF
!0091 0862 30 03 IRMI A f)
1010 0(A 11C 76 09 JMI' E:,.KP9
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PHYSCIGICAL TA AQUISrr ...... PAGE 0025

LINE # LOC CODE LINE

1012 0867 B5 4A MVC3 LIA (XUNrr,X ;CALCLIATE AND OUTPUT VALUE
1013 0869 OA ASL A
1014 086A OA ASL A
1015 08611 OA ASL A
1016 086C OA ASL A
1017 086D 95 4A SA OOUNTT,X
1018 086F A5 47 JIA VDIFF
1019 087t 29 OF AND #$OF
1020 08/3 15 4AA IA UN1T,X

1022 0875 20 C6 09 KEEP6 JSR SAVE ;GO SAVE 'A' INTO BUFFERX"
1023 0878 RA mA ;UPDTE ISIVAL $ ISITM
1024 0879 OA ASI, A
1025 087A A8 'AY
1026 08711 B9 [A 00 NJA llSTIM,Y
1027 087F: 99 AA 00 SIA LSTTI,Y
1028 0891 B9 DB 00 IIA, 'r4SM+] ,Y
1029 0884 99 Ag 00 T!A ISr-I-M+] ,Y
103(0 0887 B5 9A IIR LSIMVAL,X
1031 0889 18 CA:
1032 0M', 6 48 AD)2 SD)L'F
1033 08: 95 9A SIA LS'IVAL,X
10.34 (_'4'E 60 IFs

1036 088F B5 4A KEEP7 IA (XUJ'Tr,X ;CHEC TIME OVEFW
1037 0891 29 0F AND #$OF
1038 0893 f) FIl) B11) KEFP6
1039 08195 60

1041 0896 A9 01 DCl AIh #1 ;DEITA OOWTINUOUS STIIRAGE MEOD
t042 0898 DO 02 BMFE 1X1NI
1.043 n89A A9 02 D(C2 IJA ,12
I044 089% 85 Fil, DC SLA ALURCY
1045 0891 : 20 9F: 09 JSR DIFF ;GET DIFFER(E AND MAGNMDE

t047 O8AI A5 49 IJIN M)[FF ;CQIEU FOR (UT OF RANGE ERROR
1048 OWi C9 08 cmP I8
1049 OM5 90 OF: W.' D(143
1050 O8A7 (:9 09 (mP 1/9
[6SI 08A9 90 03 IYx: '*+5
1052 OAAB 4C 76 09 JMP KKEP9
10'Yi OA: A5 47 JIA VI)FF
10b4 081w) '10 01 VI 'x+5
1055 08is2 4c 7-, 09 JMI' K:E1P9

105 0885 B5 14 DQ43 LIA (IIANIIS,X ;CAIJGlATE AND OTPUT VALUES
!058 0887 29 40 AND M%01000000
1059 0819 1) 17 BNi'I 1 vt ;BRANQ4 IF WORD FULL
1060 08B R5 14 lI\ (AANLSX
1001 088!) 09 10 (FRA fR- 11000000 ;RSET FIA
1062 08RF' 95 14 SIA .NL.S,x
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PHYSI IGICAL DA AcQUIsrr ...... PAE 0026

LINE # LOC OODE LINE

10tb4 08c1 A5 47 ILA VDITF
1065 08C3 29 OF AND #$OF
1066 08C5 OA ASL A
1067 08C6 OA ASL A
1068 08C7 OA ASL A
1069 08CH OA A;L A
1070 08C9 ID 6D 11 (A M'IID,X
1071 08CX: 9D 6D 11 S'iA %FMOD,X
1072 08CF 4t: 78 08 JMP KF_,EE+3

1074 08D2 55 14 DCM4 R OIANIUS,X
1075 081)4 95 14 STA (]IANis,X
1076 08[Xj BD 6D 11 11A ME110D,X
1077 0899 29 M) AND 1$!'0
1078 081X5 8D ,8 10 SrA T!fIA
1079 08e BD 1)11 I A M 1 1D,X ;CLEAR CLD DELTA VALUE
1080 01EI 29 OF AND #,$0F"
108! 0SEi 90 6D 11 SIA M1.IWIOD,X
.1082 081h A5 47 1IA VDI FF
1083 0O1B1 29 OF" Ai) F
I08+ 08A 0D K8 10 (RA "TIMP
1085 080) 4C 75 08 M.. K',E1P6

1087 08W.0 A9 01 VQMl 11A #1 ;VEIABL CHANCE STORAGE'IHO
1088 08F2 DO 02 liNE Vol
1089 0914 A9 02 VC42 11A 12
1090 08i' 85 1 V(s SIA A(,URCY
1091 0818 20 9E 09 JSR DI0FF ;CALCULATE DIFFERENCE & ADJUST & MAGNITUDE

I0- 0818 A5 49 11AW M OF
1094 8tt Wt 07 BF,, VM'5

t096 08FV C9 10 (MIP #16
1097 01)1 90 0A BCC V(13 ;CE(CX DIFFRENCE (Ur OF RANGE
1098 0903 4C 76 09 JMP KEEP9

1100 0906 B5 4A VClK5 IA (XIJNW,X
1101 0908 29 71 AND #$7F
[102 090A FO 01 8f1? Vi7I3
1103 090c 60 sAN

1105 OWD B5 14 VCM3 11AOM .I,X
1106 090F 29 40 AND 1?7,010000
1107 0911 DO 27 liNE Vil.14
1108 0913 p5 14 11A 0IANIS,X
1109 0915 09 44) (IRA 1%01000000
1M1O 0917 9 .14 sM (IANIS,X
1111 0919 R5 4A ltIA (X ItNT',X
1112 09111 9f 1 ) 10 SI A K(XIUNI',X
1113 091 K A5 47 [IA VD1'
1114 0920 10 01 Bil V(W
tll!.' 0922 A9 10 1A 7'$10
M [6 0924 1)0 02 liNEm -t
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PHYSICL..GICAL OM A OaQiISrr ... PACE 0027

LINE # LIM OXME LIN

1117 0926 A9 00 VCMB LrkA #'0
1118 0928 05 49 CIRA MIFF
1119 092A OA ASL A
1120 0928 OA AS,A
1121 092c' OA ASL A
H122 092D) 11) 60 11 (FA MEll10D,X
11231 093 0 9D 60 11 STA WMO1D,X
1124 09-33 A9 00 I2A P/o

12') 0935 9 r 4A STrA (MU',X
1 12() 0937 4C: 76 08 JMI' KEEP6+3

1'1128 093A 5)5 14 VCK4 wiz 1aN1s,x
1129 093C 95 14 SIA CIANUS,X

13 H I 9/! 29 F83 AND i$i-'6
132" 0943 0A AS!, A

11 "3 014 v" I ) P.8A 10 IA lI'NI'
1114 ()94 / IV) -9 10 ul myl I tlNrx
I IV 09luk go 02 IA X, V(7vy6

L 136 091g; 09 e;O (VA J./$so
I 3i1 0941" 20 C6f 09 vam6 js;i mxvF1*iH 09, A') 49i I.[X N"I V~F
[139 09( 01) 168 10 (V~A tI'1W
14,0 0'95)6 20 (h 09 Jl-I ! Xvl:
141 OgY9 H15 !LA 1'! i (X urr'x

143 09650 10 02' W11. Y
1144 0111+ (9tIs 80A "0i

140 0', A' ) 04
1141/~ o ! 10 SAI 'I,
t!.48 !j'% A Tx

I N) 0*.hi N) 61) 11 'j k lqK~L1I),X ;R1_N E SAWD1 VAI 7Th
11N (low.; 29 (11 A89 O
1 l')2 off .061 11 "!A M~1~'

115)4 (19/ 4c 1/8 (OH iM ?P

1156b 09/6 A9 Al KF2:N 1.1~ A'~?: -WffA 11K A XE 1RRI
H !57 (0918 HO) F9~ 101 ~ I .KNI

1.II160 091. l5 (;A (MJS IIJi 'OISVA? ,X .S1110IrTINE. '1y) tI41E O(W1IN!XS SMWA(
1161 01*9) 4C1 (Y) 09 JM!' : AkV

1163 0983 /S W1RM3:;i KI XRI U 1PLTh TiMIRS & HALT PROGRAM
1164 (198 A5 Wt IJA filISY
1165) 0)86 :9 401 AND) / 'W4

1168 Y% 1 (v~l 8 2' I
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RMIaMIY ;ICAL nM ACQUISIT ...... PAGE 0028

LINE # IOC CODE LINE

1169 098E 4C 95 09 JMP ER2
1170 0991 20 9D 07 ERI JSR BPWIWP ;UPEWF POWERED DOWN TIES
1171 0994 78 SEI

1173 0995 AD F9 10 R2 LL ERRM
1174 0998 20 ED 05 JSR MSOUT
1175 099B 4C FO C9 JMP 4DNITR

1177 099E 38 DI SEC ;CAlOJLArE DIFFERENCE AND KMA E VALUES
1178 099F B5 CA li THSVAL,X
1179 09A| F5 9A SBC LSlVAL,X
H980 09A3 85 48 SMA SDIFF ;SAVE DIFFERENCE
1181 09A9 85 47 S'A VDIYF
t182 09A7 10 05 IIPL i F1fi
113 09A9 18 cl c
I184 09AA 49 'V [xylt #$FF
L185 09AC 09 01 ADC #I

1187 09AP, 85 49 DIFFI STA MDIFF ;SAVE MAGNIUDE OF DIFFERENCE

1189 0910 A5 FE I DA ACURCY ;ADJUST DIFFERECE & MA(GNlDE
t190 0982 C9 02 (Ml #2
[191 091v 90 OF BC ADIFF1
1192 09w- 24 47 Brr VDIFF ;Shr GAM IF NFGTWE
1193 098 30 01 [I *-+3
19 09tRA 18 CLC
1195 011111 66 47 ROR VDIFF
LL% 091, 46) 40 49 ISR MDTI F
1197 09!F' A5 48 1JA' SDIYF
1198 09,: t 29 4': ANDl P$1"t'
1199 09(:3 8 48 SIA ,S!) F
t2(K0 09c') f,0 ADIFF1 IM
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PIYSI(AXIICAL tiATA AXQISIT ...... PAGE 0029

LINE # LOC CODE LINE

1202 09C6 SAVE ;SUBRfOUTINE TO SAVE "A' IN &TM BLOCK X

1203 09C6 8E 34 11 SIX SAVMX ;SAVE RM3ISTERS

1204 09C9 8C 36 11 STY SAVEY
1205 09(r 8D 33 11 STA SAVEA
[206 09CF A9 10 UIJ #$10 :QHE(. FOR DIGITAL CHANNEL

1207 09D! 2X 34 11 llT SAVWX
1208 09L4 Io 31) PI" SAVE4 ;BRANCH IF DIGITAL CHANNEL

1210 091)h A SAVE3 'IXA ;GkT INDIRECT ANALOG POINTER

121 091)/ OA Al, A
1212 09D8 AA TAX
1213 091:" M4 7A UY Calmx,X
[214 091)h 84 34 sly POINIR
1215 09D) 1 4 713 11)Y CQIBI+lX
12 16 090!' 84 35 SlY POINR+1
!217 00'I A]," 34 11 fDX SAWX

12!8 04f,/ 1VF 36 UWY C iKI'R,X ;GIT OFFSET

[219 0914) AD 33 11 UA\ SAVEA
1220 091-9 )1 34 Si'D (!')INIR),Y ;SAVE DATA

1222 09EB (;8 NY ;HEO( THIS BIM OVERFLUAE

1223 09EC CC 2F 11 CPY LWI SZI ;C(IMPARE TO UNIT BLOCK SIZE

1224 09PY 10 06 RIU SAV2 ;BRANCH W BLOC OVERF. 0

1226 09FI 94 36 SAVE1 SlY CW(1'R,X ;UI 1ATE OF"SET POINTER

1228 09F3 AC 36 11 I1If SAVMY ;RFSTORE REXIII q AND RhITURN

1229 0916 60 RM'S

1231 091 20 A4 GA SAVE2 JSRI BLALC ;G"T ANOHtER BLOQ( ALLOCATED
1232 1 t FA 4A MTXA
1233 Vl OM AS). A
1234 090' AA 'lAX
'23' 0 t -) A') 10 IAYA NWEWBK

!216 09FF AC 2F 11 J)Y I RKSZ!

12)1 0A0? 91 34 SIA (POINTR),Y ;LIN BIAK(S

128 OACV, 1h 7A S'A c(1IU'y,X ;UPIIATE CURRE]'TI BLOCK POIR

29 o (AOl) INY
1214) ('A7 A5 11 IA NIWB XI+I
!'24! ()A(-9 ) ' 1 4 SIA (-OINI'R),Y
1242 (woli 9') 711 1ThlA CJIXK4 ,

124 (A I) 211 6 1 (A ,ISR WN1V ;WRI'IE BIkXX HEADER

!244V (JA 10 4C I, 09 JMI' VEI

124 0A! I NA sAVE4 'IXA ;TIS IS A DIGITAL (IANNEL

1247 ()A 14 29 031 AND #$03
12141 0AIh R- D 35 11 !, IA SAVX

149 0A 9 0)A AI, A
1:" IA'A u% TAX

12')1 1AIII li1 49 It Ia x cImilx,X
252 A1 I 5 34 .'lA R)IN'IM

153 ()A2) W) 4A 11 III (IPIlfl+I ,X

2"4 ¢iA2 1 i M T1 SIA Pr)1rfl{±1
I ,5 (AY '5 A., 'V) I I IX SAVX
125t) ' t ' ! 1. I *;\ 4V8IIt IR ,X
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PtAYSICLOGICAL DATA AOQISIT .. PAGE 0030

LINE # WLC (XXE LINE

1257 0A2B A8 TAY
1258 WAC AD 33 11 IDA SAVEA
1259 OA2F 91 34 STA (POMNR),Y ;SAVE DIGITAL CHANNEL IjATA
1260 0A31 C8 [NY
L261 0A32 (12 2F 11 CPY UBYKSZI ;CHECK BIIXI( OVU*LCd
1262 MVJ5 80 OE BC~S SAVE6

1264 Mil7 98 SAVE5 'IYA
1265 0A3(8 91) 51 11 SIA PBPTnR, X
1206 OAPJfi AC 3o 11 !J)Y SAVI-Y
1267 0kW - AD) 33 11. LA SAVEA
1268 0lA41 AL34 11 U)( SA-X
1269 (M4 00!M

L271 OAMS 20 A4 0A SAVE6 JSK BLKALC
117 2 0MB8 HA LXA
1273 0A49 GkA ASI. A
1274 OA/A AATA
t275 OMB A5 10 liAN1h411L1
1276 1 Wi9 AC 2F I I]A7Y VBKSZJ
1277 ONAW 91 -34 SR (Po1N1M) ,Y
1278 0Aj2 9!) 49 11 5hM (1?BIY,X
[279 O)ASS C-,3 lJfy
1280 OAS-A A) 11 IA NEWBI.K+1
1281 0ASMl 91 34 S'IM (RUW1nQ,Y

28 3 (IN'l) A) 63 OIA JSR WHOri
1284 0)A(6 Lt: :37 OA jMl' SAVES)

1286 0A6i3 AD 00 wamh1 IlY Im( ,WRIrh BIM( HEADER DIATA
1287 0A65 AD 34 11 LIY SAVEX ;GHE(XANALOG OR DIGITA
[288 0A68 29 10 AND #~$-0
1289 OAOA FO 11 m1~W81~

1291 OA6(C AE 35 11 LODX SAWX ;DlGrrAL, CHANNEL
[292 OA6F W3 MA IUA MRIcrs,X
[29)' (IA71 29 013 AND P~$3

t212 (1A77' 09 M0(A 8
1295) OAP) 91 10 SIA I M1.ML) ,Y

1?297 0A19 9! V, S~IA P(M1ifl't),Y ;bIAG I-AST BILOCK nLL

1299 (IA/ 6(') I

1301 OAilD AK 34 11 WRHIR1 I J)X SAVEX ;ANAU(X (IANNEL
1302 OA80 15 14 UIA (IANS,X
130 I OM$ 29) OF AkNO) //A0V
1304 ()AM~ 9f [0 SNA (NKlIXU) ,Y
11[05 rl,( 4,~ of 1 14k k
I l06K rV-8 "I Vf SlA (P1Tj, FIAG LASTr BUIXXr FULL

13108 1IJ UV\ 'M
I3'9 1-WW 0A AST, A
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RISCtACAL IWA ACQUISIT .... PAGE 0031

LINE #1 I1( M ODE LIME

1310 OABD AA TAX
13 11 OA8E B35 [A I m 131sTIN,x
12 0JA90 91 10 STA (NEW1UxK),Y

D3D OA92 B) 08 liAV 'fl1s-rLm*IX
[3 14 0A9A (1i [NY
131') OA91" 91 10 Sl1A (NHBiK),Y
13 t 6 OA9?- AE' 34 11 iX SAVlKX
D',/ OA9A tl') (A m";DIVALx
318 OA9C(28 [N

Vi 19 OA9!0 91 10 SIlA (NP41&1K),Y
1320 0'FAl) 11 11I~ SlV
1321t OAA2 ( VP'
13's22 DAM of)

[324 0AA4 BIjyALC BUU( ALL(kXATE
1325 OAA4 ; DfINK A BLOKX, IF 80A BFFE R U, ShT1 FLAG

1327 OAA4 (Lb D 1* NIANK ;CIE(X LINK EM
1328 OAA6 30 28 t~ !A.

1330 (VM A5 OE ''' A.SS1GN4 A t'V R13Q(
1331 WMA 8M 10
L.'02 DM2;, A') 01-'
1333 ('IA\L X5 11 F +I

l'iVi X 0 10
133 )AtA "I. 1 NK +

1 142 MIR0 A 01) BIKAL-3 1I DY NIANI( ;CHIECK 80% BUFFER FULL
IV4 D AI W, Ot 1 (TY NM(
!V;4 (AF 7) 1) 0/ PQi 1IIJKAI.2 ;BPANC-i IF NOT FULL

1 110 OA(;? A5 WX B80 f.l1A I1."'1y ;Sl-T] 1MJFFIR 80% FULL FL.AG
3111 01ACA 09 20 (VA P~O100000
1/4i OACO 85) (K: SIA lfflUSY

0,A W(,' A, (X; BIXAL2 LIA\ 8I~SY -'CLEAR 80% FLAG

I 3Y) OAMA A9 A' BIJ(ALI hIJA 41' 3C I t 41A1' DEPLE'MEY
I)156 (CAL MO J 10 SI1)1Rlfl?
!V)' A' 42 81 09 JM2 KR I ',f4

I h59 0)108 LLN( ;ADD) A KUKKX 'IX) '11W LIM( INCRFL74EN 111 LINK (XiiNy

1161 OADH AO (W I2W 7A)
1362 DMrA AS ft LTA TIUN(
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MYSIOWJICAL ftM A(XjUIT .... PAGE 0032

LIN # -LDC CX)IE I

1363 QADC 91 12 STA (1.DHLK),Y
1364 OADE C8 INY
1365 OADF AS OF L1YA TLIW4+1
1366 QAE 1 91 12 S-FA (CLDfguO,Y
1367 OAE3 Ai 12 U1X (1LDW1
1368 OAi 5 85 OE ~ S'TA TLlNI(
[369 0AY7 A5s 13 IuA OLIUK[+1
1370 cLmv.9 81)o, sly TIA rLN+I

1372 OAEB E6 OD INC NL.LNK ;QIFW 80/ BUFI4 RJI
1373 OAED Do) 02: BlIE IRYAL

1375 MTY 60 h

98



RISIIIAL LIa A(XWISIT .... PAGE 0033

LINE # LOC CODUE LINE

1377 0A14) BUBBLE ;PUJT LINKED LIST, ADEM~SED BY (CJRBFA) INTO BUBBLE
1378 QAFO 8E 39t11 S1X BSAVX

1380 (IAF AOO 00 BBLEI U)Y PO
1381 0AF5 84 09 SlY BUBNDX ;Z:ER0 BUJBBLE INIEX
1382 0AF7 81 GiA Ilk ((IRBFA) ,Y ;CHECK BLODCK FJLL
1383 CA 30 28 W~.( 80812 2 ; BRANC IF RLOJ( PULL
1384 0AMI A9 10 IHA 4,1$10 ;CHI ( FUR DIGITAL CHANNEL
1385 OA) '24 (X: PBIT liOUsy
1386 GjVV 1-1) ! I R!1I !9J01a 7 ;BRANali IF ANALOG CHIANNEL

1388 0801 Al) 39 11 !IA hSAVX
t389 080i AA TVX ;UPIAI*E DIGITAL CHAN P0INTF2RS & REIMR
1390 0W05 0A A:I. I
!1)1 010, A8 'lAY
1392 0007 Ai CIA I1J\ CURIWA
1393 000 i ( 9Y 41 11 !MA PBFAJM),Y
[' 4 0! IkC A 0R !JAX CUtRliFA+i
L) - 60F,11 '9 42 11 S3IAPBA}-lY
1396 (ml1 I60

[398 0)12 ;UIATE ANILK (MlAN P0DJMERS & REnlIRN
1'09 081l2 Al) 39 11 BUBLE7 IkX BSAVX ;NMI' MI, - DONT DJW
1100 08!l') IAL ;RESTIORE X
1101 01516 (AA ASI, A ;UPI)ATE POUIERS AND REMR

-'14)l01'28 A5) CIA 1J.X lv JRI5FA
L1404 01liA Ij 9 5AX 00 S'IA ;B+A)DD, Y
140O') 08i! f A') 08 !,!A (R8fiA+ t
140 (M t!,' 99 58 00 SIA CIO'AD!s-1,Y
14,07 0m2? 60IM

1409 (UB23 2C ]IC 11 BUBLE2 IT A' I I k
1. 10 W0i2 10 09 101. MV.POF6
W!1 0828 AD 00 B8 1i1A ['A
14! 0828M 20 3D1)37 .JSR WAITIII ;WAJT W.tR DM'1 OVER & CHIECK ERROhR

[31 0828f- 8D IC 11 SIA I PWP L;
'4 14 OoI A4 09 mBIYalf IbY IWIINDXA
4!') Os.i 3AE 31,; .11 1 £1( 82')6NX

1411 1)81 II1 OA BUBLE3 IJA~ ((lJROA) ,Y
14t8 083t8 9D) 0P PA, SIA 1911,Y,X ;SAW, M)RD IN BUBBLE (XJTP!JT BUFFER

149(1018l El' 341. it I NC lQ-iNv
1420 0101- 10) 18 IN-: !R 4

1422 (IIMO ;STAMI' SY1''' IVA
1423 0IS)0 20 AB 87 JSR 1'A(J '
1424 0003 A9 48 lAv\ / -+ ;SMDI MRIT' (U'IMAND
14l2') M~Vi5 "0 IX: B7 . :-;) SIM)

14:1/ fl'VA 80 [C I I 'VA !Y'WW1
428''Hold 00 1 2 I~ X"17 JSR( 13 1 ;S12'J EXCUTE (CIM

14e10 (815( A 0 (IS 1.1 A~~ (N(A
143 1 0!"' 1 09 10) (lOXi~ I o
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HIYSIO(XCAL DM.I ACUISIT ... PAGE 0034

LINE # LAX OW1E LINE

1432 0B55 8DO01B8 STA CRA ;CLEAR BUSY DEBrCR

1434 0B58 a 3DI 11 BLE4 iNcC40
1435 (WiSH AD) 3D 11 L1Y C40
[436 0851 C9 28 (NP #4
14-31 0li6 90 3F BWX BVWYLE ;BRANCI ON~ LESS THAN

1439 0B62 A9 00 LIA #0
[ 440 01304 81) 3D 11 STA (A0 ;RESET (XJNTER
141.1 0861 18 ejlc
L442 068 AD 09 11 W'\ TOMA ;Q{( FOR BUBBEM FULL
L443 Olit~i 69 28 AW) #40
!444 Olst~D 89) 09 1I !M tIMAL
1445 08/0 A9 00 yUvX 1,0
[4/g MY1 61) OE. 11 A1X, TU[AL&I1
144i7 0! / P 8 D 01: 11 SIA 11h6TALI-
L448 N/i8 A9 00 .I.A ilO
[449 OBi- A 6!) OF 11 ADC ' fMLl2
[450A 011) 819 OF 11 ;A TOIAP-2

1452 0880 (3) 12 11 (MIP 1T(JEAI*2
[453 0883 90 IC. RM; BURLES
[ 454 01115 D0 12 RINE I!RC

1 4'6 OMA (CD 11 11 UMV F11 Y1AL+1
!4z5)1 (0 MD~ 90 12 Ru BU fflh~5

I45 'I'l OT? A 08) 1181 11J S

I/ Ist ! () w1 I)P BktX 81!UY5

14653 WWII9 A9 W(; IMSG 11A i P<?tG 12 ;STP-JJBLE RJLL'
44~t4 0i911 81)1-1.1 10 STA PYRPTR'

['(5 0tWIE 4C 83 09 PI 1{W~

1467 OmtA c8 IIJBLE5 INY ;(IIE( END OF BUJFIER RIMQ X
1168 01142 84 09 91Y BVBINDX
46+9 (IN%/# W 2F 11 (WY UFIKSZ1
470) (I\ W 01 11 i NB j:
f./ 1 0'Px9 4C: 23 OK IMP' IIUWJ.I ;JIJW4 ON 'LESS MW'A

14/3 01"C AS OA BUBLE 8 MA~ ciJRBP ;RFFJRN 19P(X TO S1YlLX
1414 ("Wi 85 1' " , A ('1G 1K
47' 011,1) A) ORl lJ.1 A UR!WA+t1

14/6 (WIQ1 M5 H S1 A 0f.DMK+1

4/8 (MMV 10 OA lIJA (0WBFlA) ,Y ;MDDIFY BUIXX MINTflERS
141/9 Miif6 81) V8 11 (31A TII'1IA
I48( ((889 Gg INY
481 OIV'\ Al OA IJYA (cirBFA) ,Y
48:' r)hi.1 X85 OB 51A 0J8111'+1

I 44<1 W0%' AD 38 11 1.11 TFMIPA

1 00



PI{YSIOIGAL [DMI ACWIISLT .... PAGE 0035

LINE # LLJC (XX1 LIE

1484 OBC1 85 CIA STA (URBFA

1486 OBC3 20 D8 GA JSR LINK ;LINK THIS1 BLOCK ENT SrACX

1488 ORC6 4C P*3 QA iMP BUBLEl

1490 0 LI'I(ALL ;LINKS IXXEIUR ALL BLOC2CS GF UNIT BILOCK SIZE
1491 0BC9 'UBKS-Z' SITT11 W11B- 'BUFFRt => '1SrBIK'
t492 OIC9 A9 01 HIA III ;LIZNK FIIRSF BlLCK
1493 0OWR 85 01) SIA NLINK ;S)-'] UP RULXX (XJJNr
t494 01U) AD 1I) 11 I2J LTRI
W)') 010)% 85 01F SlA TL1I
14% 810 5 !2 M~[ (11JNIU

"+98 IA 1AN11

"498 0!n "! Y y O' i S'lA Th[NKU,+

1301 M~DR AO0 1i IJJy il I ;SbET NUMl. POIN 1ER

)53 O1KLI. 91 12 SIA (OLDBJK,Y

I Il) 5 OI:I1 18 l1'(AI (AIc ;MD1DIIY POINTERS
!'4) 0111 A'i 12 IJAX (LDBIJ(
['0)7 014 1-:) 31) 11 Slic UIKSLZ

81) 12 ME !JI)BIK
(M"9:') A5 13i I1J\ C!1ThK+1

1)0(19 .1 ) (M #~l/0
[111 8")r 11 MlSA OL(DBIK+il

011' (W'V 20( I1i CIA .152 I INK ;LIN( NEXI* BIDCK
I rl13 O(~' ;- A) 1 1, lji 0!.DiK+i ;QIEQ( IF I.AST BLOM
1"14 0d. (1 '20 11 -l'SLPR~l
!5 Y 1 0;*/ 00 011 Rl. NKAL ; BRAN!iI > OR~ =
t1)16 O!lP-J 3II) ~ BCS 1,WAIL1
['A] (118 A) 12 U,4(AL2 lILA of.DBW
!')t8 (i.I (1C1U H 11ml C RiI' I1R
!1)I) (X~ '() -) 0? 8I'l !,.(AkI ;BRRANUI > OR=
I )-h) (X:0 2 WIJ Il) R9S ! NA.l
IS?!1 1fl1 oo INKAL3 lIENS

I o1



RIYSI0WCGICAL DATA ALXQIST.... ,PACE 0036

LINE # LOC COiDE INE

1523 OC05 VARIABLES ~V*
1524 0005 -00

1526 1000 49 4E msr1 .Byr 'iNmALizE -1

t521 lO0E 20 20 .BYT ' LUWM-D;
11)28 101c 45 Iti; woG .BY' miz~; I
t 52'9 1022 43 1+8 MSG3A BYT 'GiAN PMO0S
h30 10)0~ 20 '10 .BT , NWIIOl;'
I Y1 Lo3(: 50 4* vi, ~X 'PowRP PERIJOlS; -

1532 !(14B')( 54 Wn'C .1Y VER-IbY - V (M1A
tIT 5 OC 11V~ 4 47 Yim' .cx - c L( - K
13 ~.*' 41 ! ISU6 OYP 'WAIT - 1BJBBLF' INIY;-
l'55 198-1 43 lo., NSG7 .BYJ7T
[,)1) 10~8C, -,) A) .m -) lwi? [Dow*-,
15.11 i0)Q 4) 43 WS3 .BYT 'AC IlVF-S;
','08 tOA! 4! 2J. ' GG9 R8Yj 'A/I NANE EMt;'

1540 ~ ~ ~ SG fl' 14 C2 *84YT SfO-V1~EFULL;'
5 10oL)C ".1 54 N,,G!4 Rrr SO-!W

I [542 1001 li'3 48 M%." 5 BoYT '(2AN MEFD-IOD;

* 1541tE AllXV1 * -*1l

f54 10E J9 K(JjN'rr *-416
1548 YIF9 plRYvm *-*+I

1550 [OFA 01 s'W)VUm .ByT 1 ;STIOP SIATION W$M' CLOCK - SfluMh
1551 I0j'8 00 CLOa( .8Yr 0 ;M4ASTER CLOCK( OVERFLW

1554 tow: COUNI? *--416 ;PERMAN1Tr TlMER (XINTER1S
1554 hJOC 03 N80 .BYT 3 ;WI~ I,' BlfXXS <= [N80, SrART BUBBLE
t555 HfoD ThYlA) *t ±3 ;RlTNNl~lJ BUBIL "E
15fl !]1() 00 F~RYIAL .BYT $00,$25,$00 ;MAX BUBBLE COUNT - 40
[Y54 IH 25
1556 1112 00
!')57/ 'I ) RFIsll? ;SIS'hM BBBLE RfISTERS
I '458 I '1 00 02 [U<ADD2 VJOR $0200 ;BtfJ(X ADhISS - IRLOCX-256 8-EIT WOFME
I'Y) 11 5 00 BC IAWADD2 WO)R BUFO

W Hi/ 00 NB)1(S .Wfl' $00 ;NUMMF RIIIXXS TRAN'SFERED - 1
51 !!8 00 02 IWADD .IAXZ $,0200 ;SEE R(XWELL. BUBHLE USER MANUAL FURL IFo

154j T! LA (9) RC liAD)) .WOM BUI{

IS II HIC J14&V1 *-*+I BM~/ STARTUfW) FLA
[%, t 11I) MO YF LS113 K Ji[ $3R,'0 ; lAST ILX IN BUFER
f 560 [H.)" 00 37 HIJI'IER .101 $3700 ;BEOINNllC OF BUF.ER

I I5t8 1i21 ;711NSE USED1) AULIE IIULE ON/OFF TIMES
LM9 ! 1 1 11UM *-*+ ;(IURRJ'NF POW4ER DOW'J TDhE
1 1,/0 121 RITIm ~+ ;CI'fvl' 1!x UP TIM1E

5/1 1 U'S 'rMl)rF ;vmv~ ; IMP T0FFERDICE
I/2 12.7 11rmrM*+ ;TflIAL I)4RUP T11',
51 1 :11) TV! VUI'M *PY2 'NY~.14ER DOWtN T~lE

I 5Y4 L 1,18 NAqq{jN *-42 ;NUMliPY 'IIm!,S '1I{IRJ POWER~ DOWN LOOP
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PMIYSOIJICAL DTA AOQUISIT ...... PAGE 0037

LINE # LOC O(DE LINE

1575 112D NPWRUP *-+2 ;NUMBER TIFS TIM POWERE UP LOOP

1577 112F 3E UKSZI .BYT 62 ;UNIT BL(X SIZE - 2

1578 1130 3F UWSIZ .BYT 63 ;UNIT BLXX SIZE - I

1579 1131 SAVAA *Im+2
t580 1133 SAVM *-*+

1581 lM3 SlA\V! *=+i
1582 1135 qAVX +1
1583 1136 SAVEY *-dc*l

1585 1137 SCT *=*+i
1586 t138 IEMPA *--*+I
1587 L39 BSAVX -=*+!
1588 1 13A c(J00Lf l' +1 ;40 WORD WJNTIER FAG

!'89 113B 20 03 CIN/T4) .V)I 800
590 [D) U1O *,+1 ;40 WORD (XJIIME

1591 IL[ B256NX *=*+I ;256 WORD (XIJ R

1593 113F 6C FU DELTIM .WOR $FC6C ;DELTA TIM = -4000 (MI(XO SBC.)

.59 1141 PBFADD *-*+8 ;P(1VT BIX POINTERS

I 59 L t49 C2PBI *-A+8 ;CURITNT PORT tIM1(

I9 1PtI('IR " ' '4 ;KPOr _IAJO( POINTERS

15)98 1155 00 PRvrpE .BYr 0,0,0,0 ;D]ITGIA, FXPECTED RATE

1598 156 O00
1598 1151 00
15)8 1,58 00
1599 IM19 00 -JRrBIF .BYI 0,0,0,0 ;PORT BUFITh FILE
1599 LSA 00
!599 [151 00
1 t99 [[S 00
16(0 tl)51 00 00 CRAiL .DBY 0,0,0,0,0,0,0,0 ;UIANNEL RATES ON INITIALIZATION

160( t) ' 00 00
1600 11,1 00 00
1tf) H6; 00 00
1600 IL65 00 00
600 H167 00 00
1600 L169 00 00
1600 U'611 00 00
1601 t L61 (X) 00 METHIOD .DBY 0,0,0,0,0,0,0,0 ;(aN SAMPLI; METMOD

1601 1.16V 00 00
160 1 11/ 00 00
1601 .13 00 00
160t t1/h 00 00
1601 1177 O0 00
t601 119 00 00
1601 117B 00 00
1602 L171) SMRGE *416
1603 1181) .E2ND

OXRLS = 0000 <D0000>

*1 103



SYMBOL TABLE

SYR4IK21, VALUJE

ACIA COOO ACTIV 0500 ACTIVI 0534 ACTIV2 0540ACTIV3 0580 ACTTV4 0504 ACTIV5 0517 ACTIV6 0521A('TV7 052E ACTitV8 05CC ACTIV9 0589 AC7f1VA 0595A('[tV1 OSCI AClJPCY 0 0F E ADIIUSY 0008 ADJFFI 09C5XI'EMP 1 OEl AUXImh AFFB B256Wr 11 311 J180 OAC2IMLIUSY 000C FAD!) 111A 1FA09 -11) 1 1 IIKAJD It118
lIWAI)2 f1il IILANK DOA!'FHA fii .1 OADJO I1JAI2 0AC9W~.KAL3 (IABB 111..KAIC OAA4 fiPWI)N 0151 It11itU 1 0791)'iSAVX I I19 1101lY OLE O" II 1~ U 00 WOD OLEt I '3liflif11:2 OW/: i m100 Y3 083t6 80 Lt 015 u I):S R
IMU-L:6 0831l 00 B7 012 Iti-HOE8 0111w BUONOqX 0009OU'19 I It. 1111 11C0( fil-k) Rc~o c40 1 3D)C40IGtx I 13A. cRVADD OSA. C RK IYIN 00316 (ClWIK 007A(IIANLS (104 CI N 1 0231 CI IN;'Wkf 0224 CLOCK 101"n
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SYMBOL TABLE

SYMBOL VALUE

SIWFTRG AFEA SLFTST 05EC SPL 0614 SPACES 0611
STOPTM 10FA STORCE 117D T1CNTR AFIA T1HC AFF5
TiJill AFF7 TILC AFF4 TlLC{W AFEB TILL AFF6
r2(:NTR AF EC TDIC AbF9 T2 LLCW AFA~j T2LL AVF8

T'3CNTrR AFEE T3[,CHIW AFEF TGNT 048F TCri 0493
'WNT2 049C 'Tt'Nr3 04A1) TCNT4 04A6 TCNT5 0496
rcrf, [3 A F 8 TC11U2 AYE9 TEMP 10E8 TEM PA 1138
n1is[im OOL)A THISVAL OOCA TINMIF 1.125 T IMWEI 0480
T I MRs 0672 T 1, NY 000E, TOIEX 060D) TOTAL HOD!
'riwr LM H!29 TIIIJ'1' .M I1121 lJI3KSIZ 1130 UBKSZ1 11 2F
WCm 081-16 VcMI 0810 VCM2 081"' VCM3 090D)
VCM4 09SA V(Mi 0906 VCM6 0941-l VCM7 096[1

*VcM8 0926 V 1)1 F 0047 VIAl 0474 V LA2 0476
VlA3 047D VIA4 04/2 VIIAIRQ 044B WA ITB B373!)
WRIIR 0670) WRIIDR 0A63 WRIII)R1 01)

* END) OF ASSEMBLY
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Appendix B

DATA ACQUISITION BOARD DESCRIPTION
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The objective of this appendix is to describe the Data

Acquisition Hardware Board and its interface to the Rockwell

System-65 minicomputer. The five functional areas, in the

order discussed, are:

a. Signal/Buffering

b. Address Decode Circuitry

c. Analog-to-Digital Data Acquisition

d. Interval Timer

e. Digital Data Acquisition

Refer to the wiring diagram (Figure 15) for the following

discussions.

S ignal/Buffering

Signals from the System-65 are brought on the board

via the 86-pin edge connector, labeled as P1 in Figure 17

(Ref 12: Chap 4, 4). Address lines AO through AI5, in

addition to read/write (R/W) and Phase 2 (02), are buffered

through three 8T97 noninverting, single-direction, hex bus

drivers (Kt, K2 and K3 in Figure 17). The eight

bi-directional data lines, DO through D7, are buffered

through two 8226 bi-directional, quad, inverting (for

System-65 compatibility), tri-state bus drivers (K4 and K5

in Figure 17). The Lri-state control for the data buffers

is taken directly from the buffered R/W line, while chip-

select comes from the address decoder.
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Other signals available from the P1 edge connector are

shown in Figure 17. However, only interrupt request (lRQ)

and Reset are used at this time. Both IRQ and Reset are

active low, nonbuffered, open-collector signals. All IRQ

signals on the board are "or" wired, while all Reset signals

on the board are "and" wired.

Address Decode Circuitry

The eight most significant bits (A8 through A15) of

the buffered address lines, through appropriate inverters,

are logically NANDED (7430 eight-input "NAND" gate)

together to produce the AFXX signal (see socket Jl in

Figure 17). This signal enables the 3-to-8 line decoder

(74138) of socket 1HI. Address line A7 (used as chip enable

for tI) and address 1 ines A4 through A6 (used as data inputs

to fit) , define the outputs of I to be AF8X through AFFX.

Individual devices use these signals, in addition to the

remotinng buffered address lines (AO through A3), to define

their unique addresses. The addresses are as follows:

AVV'O through AFFF VIA
A!"E8 through AFE.' INTERVAL TIMER
A.!)C through AFDF P IA

Analog-_ -ligital IDi I.i Acquisition

This function i, obviously the heart of the Data

Acquisit ion Hardware Hoard. The two LSI, 40-pin chips

chosen to finplement this function are the ADC0817 analog

data acqluisition chip and the R6522 Versatile Interface

AdaptJ)r (VIA) chip.
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The ADC0817 consists of a channel select latch that,

through an analog multiplexer, selects one of 16 single-

ended analog signals. The selected signal is then passed

through a successive approximation analog-to-digital (A/D)

converter whose eight-bit output represents a ratio of the

full-scale voltage. The chip provides the capability to do

signal processing between the multiplexer and the A/D con-

verter input. This allows the additioin of a sample-and-

hold circuit if necessary.

The R6522 VIA, using peripheral ports A and B, provides

the interface between the System-65 and the ADC0817. Each

p ort has two peripheral control lines (CAI, CA2 and CBI,

CB2) to do the required handshaking with the ADC0817. The

lower four bits of port B are connected to the ADC0817

channel select latch. Port B's lower four bits are pro-

gramed as outputs. Control line CB2 is programmed to out-

ptt a negative-going pulse when port B is written. The

pulse on CB2 causes two actions: first, the negative-going

edge causes the data on the lower four bits of port B to be

latched into the channel select latch and second, the

positive-going edge signals the A/D converter to begin con-

version of the selected channel.

Port A's data lines are programmed as inputs and are

tied directly to the A/D converter outputs. The end-of-

conversion (E)OC) signal from the A/D converter is wired to

port A's control line CA!. EOUC causes the data supplied by
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the A/D converter to be latched into part A and, if enabled,

an IRQ signal to be sent back to the System-65.

The two independent 16-bit timers on the R6522 VIA are

wired such that the output of timer I is the input to

timer 2. This allowed a hardware realization of the Mission

Run Clock.

interval Timer

The M6840 interval timer was used as a simulation tool

for timing certain events. It contains three independent

16-bit counters, each capable of being programmed in one of

tour modes: continuous, single shot, pulse width compare,

and frequency compare. hEach timer can select a an input

either the system 0. cl, ck or an externally supplied clock/

gate combinat ion. lEach t imer has an individual output which

can act as a programimahic pulse timer signal or an indi-

vidual IRQ signal. The chip also has a combined IRQ signal.

LDi&tta! Dat-a AcquisitLin

Digital Data Acquisition is performed by the MC6820

Peripheral Interface Adaptor (PLA). The PIA is capable of

itLerfacing to two peripherals through two eight-bit piira!-

I l port s, each with two control- lines for handshakin ,,. !hL.

PIA interfaces to the System-65 through the eight-bit dat

bus, three chip-select lines, two register select I ins,

two LRQ ] ines, the R/W 1iine, the enable line, and the reset

l ine. The data bus is tri-stated until the chip-select

lines are enabled; the direct ion of dato flow is determined
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by R/W. The chip-select lines are enabled by the AFDX sig-

nal of the address decode and the buffered A3 and A2 lines.

This places the VIA address between AFDC and AFDF.

Buffered address lines AO and Al are wired to register

selects zero and one, respectively, to determine what

internal register is to be addressed. The enable line is

wired to the buffered 02 line and is used to clock data into

and out of the PIA. The reset line is "and" wired to the

System-65. it is used as a power-on reset and as a master

reset during system operation.

Each port can be programmed to act as an input or out-

put. This will allow the ports to interface to digital

input parameters during a mission run and interface to a

magnetic tape or other mass-storage device to dump the col-

Sected data after a mission run.
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